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Introduction 


GENERAL DESCRIPTION 

The Raytheon Low-Power Schottky TTL family utilizes ad- 
vanced process technology, Schottky-barrier clamping, shal- 
low diffusions, higher sheet resistivity and small geometries 
resulting in lower parasitic capacitance to achieve speeds 
comparable to 5400/7400 at one-fifth the power and 54 H 
at one-tenth the power. The Raytheon TTL family is com- 
pletely compatible with most of the popular TTL and 
DTL logic families and is equivalent in performance to the 
9LS series. 

Raytheon Schottky Diodes are produced by depositing 
platinum over the collector and base contact openings of 
Schottky transistors. A protective layer of Titanium/ 
Tungsten alloy is deposited by a high-energy sputtering tech- 
nique over the wafers. An alluminum layer is deposited and 
the interconnect pattern is etched-out during the final 
operation. 

The tri-metal sandwich produced is one of the most reliable 
metalization systems available in the industry. 

Raytheon has extensive experience in tri-metal metalization. 
For years similar techniques were used when producing tri- 
metal systems for the fabrication of Beam Lead devices. 

FEATURES 

■ High speed. Low- power 

■ 5 nsec typical gate propagation delay time. 

■ 2 mW typical gate power dissipation at 50% duty cycle. 

Table I compares Raytheon's Low-Power Schottky to the 
other TTL technologies. 

Ease of System Design 

• Switching times virtually insensitive to power supply, 
temperature variations. 

• Low noise generation. 


• High fan-out. 

• Schottky-diode-clamped inputs minimize high-speed 
termination effects. 

• Low output impedance gives low noise susceptibility, 
high capacitance drive capability. 

• Power dissipation remains relatively low at operating 
frequencies up to 30 MHz. 

• Smaller, lower-cost power supplies and cooling equip- 
ment. 

ABSOLUTE MAXIMUM RATINGS 


Supply Voltage, Vqq (See Note 1) 7V 

Input Voltage (See Notes 1 and 2) . ; 7V 

Interemitter Voltage (See Note 3) 5.5V 

Output Voltage (See Notes 1 and 4) 7V 

Operation Free-Air Temperature 

Range: -55°C to+125°C 

Storage Temperature Range -65°C to +150°C 


NOTES: 

1. Voltage values, except interemitter voltage, are with respect to 
network ground terminal. 

2. Except 54LS74, 109, 181, 196, 197. For 54LS74, 109, 181, 
196, 197 rating is 5.5V. 

3. This is the voltage between two emitters of a multiple-emitter 
transistor. 

4. This is the maximum voltage which should be applied to any 
open-collector output when it is in the off state. 


CIRCUIT CHARACTERISTICS 

Dynamic Characteristic 

The average propagation delay time is relatively insensitive 
to variations of power supply voltage and temperature. Fig- 
ure 1 shows typical propagation delay of a gate versus tem- 
perature with two different capacitive loads. 


TABLE I 

SPEED POWER COMPARISON FOR TTL TECHNOLOGIES 




Avg. Gate 

Avg. Power 

Speed-Power 


Series 

Propagation Delay 

Per Gate 

Product 

Low- Power 

54 LS (Ray) 

5 ns 

2mW 

10 PJ 

Schottky 

54LS/74LS (T.l.) 

10 ns 

2mW 

20 PJ 

Schottky 

54S/74S 

3 ns 

20mW 

60 PJ 

Standard 

54/74 

10 ns 

lOmW 

100 PJ 

Other 

( 54H/74H 

6 ns 

23mW 

138 PJ 

1 54L/74L 

33 ns 

ImW 

33 PJ 
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54LS00 


V cc = 5.0V CL = 50 pF R L = 2.0kQ 



— 55°c — 15°c +25°c +65°c +105°c 

TEMPERATURE IN°C 


Figure 1. Propagation Delay Change With Temperature 

The Raytheon LS family typically has 2 mW per gate 
power dissipation at 50% duty cycle, nearly constant to fre- 
quencies up to 5 MHz. Pq increases to 8 mW per gate at 
30 MHz. Figure 2 shows the dynamic power dissipation at 
various frequencies for three different loading configura- 
tions. 



.1,.2, „5, 1, 2, 5, 10, 20, 30, 40, 

FREQ (MHz) UNUSED INPUT AT 5„0V 


Figure 2. Dynamic Power Dissipation 

With its advanced circuit technology, Raytheon LS devices 
have inherently low power dissipation and current spiking 
on the Vqq line during transitions. Far less than in stan- 
dard TTL or high-power Schottky circuits. This advantage 
increases the "dynamic noise" margin of the overall sys- 
tem designed with 54LS. Figure 3 shows the Vqq spikes 
of Raytheon LS and standard 5400 and 54S circuits. 


54S 


5400 


54 LS 


(20 nsec/division) 

Figure 3. Vqq Current Spiking Raytheon 54LS, 54S, 5400 
Comparison 

A voltage higher than Vqh mm should be maintained on the 
unused inputs of positive AND/NAND gates during dynamic 
testing. This will eliminate the distributed capacitance asso- 
ciated with the floating inputs, band wire, and package lead, 
and ensure that no degradation will occur in the propaga- 
tion delay times. In addition to the circuits mentioned in 
Note 2, all Raytheon LS devices employ a DTL input cir- 
cuitry with Schottky diodes. The unused inputs may be 
connected directly to Vqq. 

INPUT CHARACTERISTIC 

Schottky barrier diode clamping minimizes the high speed 
termination effects previously associated with TTL devices. 
Figure 4 shows input clamp diode voltage versus input cur- 
rent. 
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Figure 4. Clamp Diode Voltage Versus Input Current 
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OUTPUT CHARACTERISTIC 


Figures 5 and 6 show the typical sinking capability of Ray- 
theon Low-Power Schottky devices and the V|[\j vs. Vqijt 
curves over the full military temperature range. As shown 
in the curves, Raytheon LS devices can be guaranteed with 
Iql of &0 mA at Vqi_ of 0.45V max. and also high output 
fan-out of 22 over the full military temperature range. 
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Figure 5. Typical Output vs. Input Voltage Characteristic 


Figure 6 


Ordering Information 


Package Descriptions 


BD 

14-Pin Epoxy-B DIP 

DB 

14-Pin Epoxy-B DIP 

L 

16-Pin Metal Flatpak 

BM 

16-Pin Epoxy-B DIP 

DC 

14-Pin Ceramic DIP 

MB 

16-Pin Epoxy-B DIP 

CJ 

14-Pin Ceramic Flatpak 

DM 

16-Pin Ceramic DIP 

MP 

16-Pin Epoxy-B DIP 

CK 

14-Pin Ceramic Flatpak 

J 

14 or 16-Pin Ceramic DIP 

R 

24-Pin Ceramic DIP 

CL 

16-Pin Ceramic Flatpak 

DP 

14-Pin Epoxy-B DIP 

N 

24-Pin Glass/Metal Flatpak 

CN 

D 

24-Pin Ceramic Flatpak 
14-Pin Metal DIP 

K 

TO-3 Power Pack 

W 

14-Pin Ceramic Flatpak 
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Ordering Information 

Low Power Schottky 


930 DTL Series 



Temperature Range 

25 Com 'I 0 to +75°C 
25 Mil -55 to +125°C 
54 -55 to +125°C 

74 0 to +75°C 


Package Type J 

J Ceramic DIP 

W Ceramic Flatpak 

CH Gold-backed chip, visually inspected 
to MIL-STD-883A, method 2012, 
and packaged in waffle pack. 

Optional Processing to IVII L-STD-883 A, Level B 

Notes: 1. 54 LS orders will be branded 54 LS 

2. 9LS orders will be branded 9LS/54LS or 
9LS/74LS depending upon temperature range. 

3. 25 LS orders will be branded 25 LS 

4. For MS L-M-3851 0 device types, order by the 
JAN part numbering system. 


Temperature Range- 

RC 0 to +70°C 
RM -55 to +125°C 


Package Type - 


RAY I, II and III TTL Series 


Temperature Range — 

0 or 1 -55 to +125°C 
2 or 3 0 to +70°C 

Package Type 


54/7400 SSI and MSI Series 


8200 MSI Series 


54 123 J /883B 


Temperature Range- 

54 -55 to +125°C 
74 0 to +70°C 


Package Type 

J Ceramic DIP 

W Ceramic Flatpack 

CH Gold-backed chip, visually inspected 
to Ml L-STD-883 A, method 2012, 
and packaged in waffle pack. 

Optional Processing to MIL-STD-883A, Level B 


Temperature Range- 

RC 0 to +70°C 
RM -55 to +125°C 


Package Type- 




Quality and Reliability 


RAYACT-883A PROGRAM 


The Raytheon Acceptance Testing Program called Rayact-883A 
involves m process inspections which assure compliance with 
MIL STD 883A test methods and MIL-M-38510 Program Plan 
Requirements. 

Table 1 defines the Standard Process Flow for Raytheon 
Semiconductor's Military Level Integrated Circuits. After 
completion of the in-process inspections and 100% production 
screens, each lot is subjected to a quality conformance inspec- 
tion as defined in Table 2. The screening and acceptance 

APPLICABLE DOCUMENTS: 


testing outlined in Tables 1 and 2 are provided at no extra cost. 

In addition to the Standard Process Flow and acceptance test 
ing, Qualification Tests in accordance with Ml L-STD-883A, 
Method 5005 are conducted every three months on each pro- 
duct line. Generic Summary Data of Groups A, B, and C 
testing (Table 3) is available upon request. 

The level of reliability you desire can be selected from Table 4. 
These tests are conducted in accordance with Method 5004 of 
Ml L-STD-883A. 


Military: MIL STD-883A 
MIL-M-38510 

Raytheon Semiconductor: 

Quality/Reliability Assurance Manual 


Table 1 — Standard Process Flow Summary for Integrated Circuits 


MANUFACTURING OPERATION 

MANUFACTURING INSPECTION 

QUALITY/RELIABILITY 

INSPECTION 

Manufacturing Stores 

Purchased Item Verification 

Receiving Inspection To 
Applicable M&SS and 
Blueprint Number 

Mask Making 

Mask Inspection 

Mask Inspection 

Materials Preparation 

Wafer Preparation and Epitaxial Growing 

Q.C. Monitor 

Photoengraving and Diffusion 

Electrical Probe Check and 100% 

Visual Inspection 

Q.C. Monitor 

Final Wafer Lot Acceptance 

100% Visual Inspection 

Q.C. Wafer Lot Acceptance 

Electrical Test of Wafer 

100% Electrical Test 

Q.C. Monitor 

Scribing and Dicing 

100% Visual Inspection 

Q.C. Monitor 

Visual Die Sort 

Ml L-STD-883A, Method 2010.2, Condition B 

100% Die Sort Inspection 

Dice Lot Acceptance 

Die Attach 

100% Visual Inspection 

Q.C. Monitor 

Lead Bond 

100% Visual Inspection 

Q.C. Monitor 

Pre-Seal Inspection at 100X Magnification 

Ml L-STD-883A, Method 2010, Condition B 

100% Visual Inspection at High-Power 
Magnification 

Q.C. Lot Acceptance 

Pre-Seal Inspection at 30X Magnification 

Ml L-STD-883A, Method 2010, Condition B 

100% Visual Inspection at Low-Power 
Magnification 

Q.C. Lot Acceptance 
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Quality and Reliability 


Table 1 —Standard Process Flow Summary for Integrated Circuits (Cont.) 


MANUFACTURING OPERATIONS 

MANUFACTURING INSPECTION 

QUALITY/RELIABILITY 

INSPECTION 

Final Seal 

Visual and Hermeticity 

Q.C. Monitor 

High-Temperature Bake 

1 50°C - 24 Hours Minimum 

(Ml L-STD-883A, Method 1008, Condition C) 

100% Processing 

Q.C. Monitor 

Temperature Cycling 

-65°C to + 1 50°C, 10 Cycles 

(Ml L-STD-883A, Method 1010, Condition C) 

100% Processing 

Q.C. Monitor 

Centrifuge 

30 KG Minimum Y t Axis 

(Ml L-STD-883A, Method 2001, Condition E) 

100% Processing 

Q.C. Monitor 

Lead Form 

100% Visual Inspection 

Q.C. Monitor 

Carrier Load 

100% Visual Inspection 

Q.C. Monitor 

Hermeticity 

MIL STD-883A, Method 1014 


Q.C. Monitor 

External Visual 

100% Inspection 

Q.C. Monitor 

Electrical Test and Sort 

100% Inspection 

Q.C. Monitor 


Table 2— Quality Conformance Inspection (Each Lot) 


INSPECTION 

LTPD/MAX. ACC. NO. 

COMMENTS 

External 

7/2 

Ml L-STD-883A, Method 2009 

Hermeticity 

Fine Leak 

Gross Leak 

7/2 

Ml L-STD-883A, Method 1014, Condition A or B 
Ml L-STD-883A, Mthod 1014, Condition C 2 

Electrical 

+25°C 

5/1 


Static Parameters 

+125°C 

7/1 



-55°C 

7/1 

Per Applicable Electrical Test Specification 


+25°C 

5/1 

Dynamic Parameters 

+125°C 

7/1 



-55°C 

7/1 


Package and Ship 

Quality Assurance Monitor 



NOTE: 

Generic Qualification Data in accordance with Ml L-STD-883A, Method 5005, can be supplied if negotiated prior to procurement. 
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Table 3A— Group A Electrical Tests— MIL-STD-883A 


SUBGROUPS 

CLASS A 
LTPD 

CLASS B 
LTPD 

CLASS C 
LTPD 

Subgroup 1 

Static tests at 25°C 

5 

5 

5 

Subgroup 2 

Static tests at maximum rated operating temperature 

5 

7 

10 

Subgroup 3 

Static tests at minimum rated operating temperature 

5 

7 

10 

Subgroup 4 

Dynamic tests at 25°C 

5 

5 

5 

Subgroup 5 

Dynamic tests at maximum rated operating temperature 

5 

7 

10 

Subgroup 6 

Dynamic tests at minimum rated operating temperature 

5 

7 

10 

Subgroup 7 

Functional tests at 25°C 

3 

5 

5 

Subgroup 8 

Functional tests at maximum and minimum rated operating temperatures 

5 

10 

15 

Subgroup 9 

Switching tests at 25°C 

5 

7 

10 

Subgroup 10 

Switching tests at maximum rated operating temperature 

5 

10 

15 

Subgroup 11 

Switching tests at minimum rated operating temperature 

5 

10 

1 

15 


NOTE: 


The specific parameters to be included for tests in each subgroup shall be as specified in the applicable reliability specification. Where no 
parameters have been identified in a particular subgroup or test within a subgroup, no group A testing shall be performed for that subgroup 
or test to satisfy group A requirements. 


Table 3B— Group B Tests, MIL-STD-883A, Method 5005 



TEST 

Ml L-STD-883 

CLASS A 

LTPD 

CLASS B 

LTPD 

CLASS C 

LTPD 

METHOD 

CONDITION 

Subgroup 1 

Physical dimensions 

2016 


10 

15 

20 

Subgroup 2 

Resistance to solvents 

2015 


3 devices 
(no failures) 

3 devices 
(no failures) 

3 devices 
(no failures) 

Visual and mechanical 

2014 

Criteria from design and 
construction requirements 
of applicable procurement 
document 

1 device 
(no failures) 

1 device 
(no failures) 

1 device 
(no failures) 

Bond strength 

2011 


5 

15 

20 

Thermocompression 


Test condition C or D 

Ultrasonic or wedge 


Test condition C or D 

Subgroup 3 

Solderability 

2003 

Soldering temperature of 
260°C ±10° 

10 

15 

15 

Subgroup 4 

Lead fatigue 

i 

2004 

Test condition B 2 

10 

15 

15 

Seal: Fine, Gross 

1014 

As applicable 
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Quality and Reliability 


Table 3C— Group C Tests, MIL-STD-883A, Method 5005 


TEST 

Ml L-STD-883A 

CLASS A 

CLASS B 

CLASS C 

METHOD 

CONDITION 

LTPD 

LTPD 

LTPD 

Subgroup 1 (Note 1 ) 






Thermal shock 

101 1 

Test condition B as a minimum. 

10 

15 

15 

Temperature cycling 

1010 

Test condition C 




Moisture resistance 

1004 





Seal 

1014 

As applicable 




a. Fine 

b. Gross (Note 7) 






Visual examination (Note 2) 

End point electrical parameters 


As specified in the applicable 
procurement document. 




Subgroup 2 (Note 1 ) 






Mechanical shock 

2002 

Test condition B 

10 

15 

15 

Vibration, variable frequency 

2007 

Test condition A 




Constant acceleration 

2001 

Test condition E 




Seal 

1014 

As applicable 




a. Fine 

b. Gross (Note 7) 






Visual examination (Note 3) 

End point electrical parameters 


As specified in the applicable 
procurement document. 




Subgroup 3 






Salt atmosphere (Note 4) 

Visual examination (Note 5) 

1009 

Test condition A 

10 

15 

15 

Subgroup 4 






High temperature storage (Note 6) 

1008 

Test condition C 

1000 hours. 

7 

7 

7 

End point electrical parameters 


As specified in the applicable 
procurement document. 




Subgroup 5 






Operating life test (Note 6) 

1005 

Test condition to be specified 
in the applicable procurement 
document (1000 hours). 

5 

5 

5 

End point electrical parameters 


As specified in the applicable 
procurement document 




Subgroup 6 






Steady state reverse bias 

1005 

Test condition A, 72 hours at 

1 50°C. 

7 

- 

- 

End point electrical parameters 


As specified in the applicable 
procurement document. 





NOTES: 

1. Devices used for environmental tests in subgroup 1 may be used for mechanical tests in subgroup 2. 

2. Visual examination shall be in accordance with method 1010 or 1011 at a magnification of 5X to 1 0X. 

3. Visual examination shall be performed at a magnification of 5X to 10X for evidence of defects of damage to case, leads, 
or seals resulting from testing (not fixturing) such damage shall consitute a failure. 

4. Electrical reject devices from the same inspection lot may be used for samples. 

5. Visual examination shall be performed in accordance with 3.3.1 of method 1009. 

6. See 40.4 of appendix B of MIL-M-38510. 

7. When fluorocarbon gross leak testing is utilized, test condition C2 shall apply as minimum. 
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Table 4— Optional Screening— MIL-STD-883A, Method 5004 


SCREEN 

CLASS A 

CLASS B 

CLASS C 

METHOD 

REQUIRE- 

MENT 

METHOD 

REQUIRE- 

MENT 

METHOD 

REQUIRE 

MENT 

Internal visual (Precap) 

2010 

test condition A 

100% 

2010 

test condition B 

100% 

2010 

test condition B 

1 00% 

Stabilization bake 

1008, 24 hrs. 
test condition C, 

1 50°C 

100% 

1008, 24 hrs. 
test condition C, 

1 50°C 

100% 

1008, 24 hrs. 
test condition C, 

1 50°C 

100% 

Thermal shock 

1011, 

test condition A, 
0°C- 1 00°C 

1 5 cycles 

100% 

Not required 


Not required 


Temperature cycling 

1010 

test condition C, 
-65°C to +1 50°C 
10 cycles 

100% 

1010, 

test condition C, 
-65°C to +1 50°C 
10 cycles 

100% 

1010, 

test condition C, 
-65°C to +1 50°C 
10 cycles 

100% 

Mechanical shock 

2002"* 

100% 

Not required 


Not required 


Constant Acceleration 

2001, 

test condition E 

Y2 plane, then Y -j 
plane, 30,000 G's 

100% 

2001, 

test condition E 

Yi plane, 

30,000 G's 

100% 

2001, 

test condition E 

Y i plane, 

30,000 G's 

100% 

Seal 

Fine, 

Gross 

1014, 

Condition A 
Condition C 

Hermetic devices 
only 

100% 

1014, 

Condition A 
Condition C 

Hermetic devices 
only 

100% 

1014, 

Condition A 
Condition C 

Hermetic devices 
only 

100% 

Critical electrical 
parameters 


100% 

Go-No-Go 


Not required 


Burn-in test 

1015, 240 hrs. @ 
T A = 1250C* 

100% 

1015, 168 hrs. @ 
Ta= 1 25°C* 

100% 

Not required 


Critical electrical 
parameters 

* 

100% 

Not required 


Not required 


Reverse bias burn-in 

1015, 

test condition A 
or C, 72 hrs. @ 

1 50°C 

1 00% 

Not required 


Not required 


Final electrical test 

* 


* 


* 


Static tests 25°C 


100% 


100% 


100% 

Maximum and 
minimum rated 
operating temp. 


100% 


100% 



Dynamic tests and 
switching tests 25°C 


100% 


100% 



Functional test 25°C 
(subgroup 7, table 1 , 
5005) 


100% 


100% 


100% 

Group A Testing 

Per Table 3A 


Per Table 3A 


Per Table 3A 


Radiographic 

2012 

100% 

Not required 


Not required 


Qualification or 
quality conformance 
inspection 

Groups B and C 
optional, at extra cost 

5005 

* 

5005 

* 

5005 


External visual 

2009 

100% 

2009 

100% 

2009 

100% 


*Per applicable procurement document 

* ‘Test Condition F one shock pulse in Y-, plane only or five shock pulses at Condition B in Y-, plane only. 







Quality and Reliability 


Raytheon A+ Program 


Introduction 

Raytheon's A+ program is designed to provide the Industrial and 
Commercial marketplace with product reliability. ■ Reliability 
consistent with application requirements. ■ Reliability that avoids 
an overbuy situation where the user pays for screening beyond 
the scope of his needs. 

Raytheon offers three screening flows under the A+ program. Each 
having a separate reliability factor and cost saving. When deciding 
which A+ flow best suits your needs, you should consider the cost 
savings realized through elimination of outside lab services and the 
need to tighten incoming inspection. Users who do not presently 
have their integrated circuits screened should consider the cost of 
component replacement during system test and in the field. Sub- 
stantial cost savings can now be realized by specifying Raytheon's 
A+ program. 

The designations A+1 and A+2 are used for epoxy B packaged 
devices only. A+3 is reserved for ceramic devices. The appropriate 
screening level may be specified by simply adding the proper A+ 
suffix to the Raytheon part number, i.e., - - RC4136DB with A+2 
screening would be designated RC4136DB2. 

Customers who use the epoxy package may wish to obtain a copy 
of the Epoxy Encapsulated Linear I.C. Quality Review, available 
from your local Raytheon sales office. 

Basic Reliability Measures 

Raytheon has instituted an internal program to assure that products 
bearing the Raytheon logo are unsurpassed in reliability when used 
in the industrial environment. Several tests, including some normally 
reserved for military products, are applied to our industrial products 
on a continuing basis in support of this effort. A brief summary of 
these tests is given below. 

1. Monitored Burn-In (all packages) 

24 hours at +100°C with zero failures allowed. This RVT (reliability 
verification test), a Raytheon exclusive, is performed on 20 samples 
from each manufacturing lot. 

2. Standard Burn-In (all packages) 

168 hours at +125°C, 1% PDA. This RVT is performed on 200 
samples from each EIA data code. 

3. Operating Life (all packages) 

1000 hours at +125°C, LTPD = 5. This RVT is performed on all 
new products and periodically on existing product types as an 
indicator of long-term reliability. 


4. Pressure Cooker (epoxy packages only) 

24 hours at +125°C in steam vapor, LTPD = 10. This RVT is per- 
formed on 25 samples from each EIA data code as to assure 
package and device integrity. 

5. 85/85 (epoxy packages only) 

168 hours with bias at +85°C and 85% relative humidity, STPD = 10. 
This RVT is performed on 25 samples from each EIA date code 
also as an indicator of package and device integrity. 

6. Temperature Cycle (epoxy packages only) 

100 cycles per method 1010.1, 0°C to 100°C. This RVT is per- 
formed on 25 samples from each EIA date code to mechanically 
stress the wire bond, die bond and package material. 

7. Military Flow (ceramic packages and metal-cans) 

Only dice lots which pass Ml L-STD-883 condition B visual tests 
are used in these packages and the 883 class B flow is used up 
to point of electrical test. This provides military type product 
reliability at commercial prices. 


A+ Programs Increase Reliability 

Raytheon's A+ programs were designed to provide an even greater 
reliability assurance than standard process testing. Starting with 
devices which are processed with the basic reliability measures, 
various combinations of temperature cycle, burn-in, Hot Rail testing 
and tightened AQL lot acceptance are available as shown in the flow 
chart. The objectives of these 100% screens are: 

1. Temperature Cycle (epoxy packages only) 

0°C to +100°C per method 1011, condition A. This is the first 
screening for the A+1 and A+2 flows. (A+3 ceramic and metal-can 
devices received temperature cycles as part of standard product flow.) 
The purpose of this screening is to stress wire bonds and die bonds 
mechanically to prove the integrity of the devices. 

2. Burn-In (all packages) 

168 hours at +125°C. This screening is performed in A+2 and A+3 
flows. 

3. High Temperature Functional Test (Hot Rail) 

(epoxy packages only) 

+100°C. This screening serves to further prove bond integrity. 
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A+t A+2 A+3 


RELIABILITY FACTOR * 1.5X 
QUALITY GUARANTEE 
ON FUNCTIONALITY = 0.15% AQL 


RELIABILITY FACTOR = 8X - 10X* 
QUALITY GUARANTEE 
ON FUNCTIONALITY = 0.15% AQL 


RELIABILITY FACTOR = 15X 
QUALITY GUARANTEE 
ON FUNCTIONALITY = 0.15% AQL 


* Must be expressed as a range since a normally controlled environment (constant power and temperature) cannot be assured. 
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DEFINITIONS OF SYMBOLS AND TERMS 

These symbols, terms, and definitions are in accordance 
with those currently agreed upon by the JEDEC Council 
of the Electronic Industries Association (El A) for use in the 
USA and by the International Electrotechnical Commis- 
sion (I EC) for international use. The definitions are grouped 
into sections applying to voltages, currents, switching char- 
acteristics, and classification of circuit complexity. 

VOLTAGES 

V|H High-level input voltage 

An input voltage level within the more positive (less 
negative) of the two ranges of values used to represent 
the binary variables. A minimum value is specified which 
is the least-positive (most-negative) value of high-level 
input voltage for which operation of the logic element 
withing specification limits is guaranteed. 

V||_ Low-level input voltage 

An input voltage level within the less positive (more neg- 
ative) of the two ranges of values used to represent the 
binary variables. A maximum value is specified which is 
the most-positive (least-negative) value of low-level input 
voltage for which operation of the logic element within 
specification limits is guaranteed. 

Vy+ Positive-going threshold voltage 

The voltage level at a transition-operated input that causes 
operation of the logic element according to specification 
as the input voltage rises from a level below the negative- 
going threshold voltage, Vy_. 

Vy_ Negative-going threshold voltage 

The voltage level at a transition-operated input that causes 
operation of the logic element according to specification 
as the input voltage falls from a level above the positive- 
going threshold voltage, Vy+. 

Vqh High-level output voltage 

The voltage at an output terminal for a specified output 
current loH with input conditions applied that accord- 
ing to the product specification will establish a high level 
at the output. 

Vql Low-level output voltage 

The voltage at an output terminal for a specified output 
current Iql with i n P ut conditions applied that according 
to the product specification will establish a low level at 
the output. 

VQ(on) On-state output voltage 

The voltage at an output terminal for a specified output 
current with input conditions applied that according to 
the product specification wilt cause the output switching 
element to be in the on state. 

Note: This characteristic is usually specified only for out- 
puts not having internal pull-up elements. 


VQ(off) Off-state output voltage 

The voltage at an output terminal for a specified output 
current with input conditions applied that according to 
the product specification will cause the output switching 
element to be in the off state. 

Note: This characteristic is usually specified only for out- 
puts not having internal pull-up elements. 

CURRENT 

1 1 1-| High-level input current 

The current flowing into* an input when a specified high- 
level voltage is applied to that input. 

1 1 1_ Low-level input current 

The current flowing into* an input when a specified low- 
level voltage is applied to that input. 

I q l_l High-level output current 

The current flowing into* the output with a specified high- 
level output voltage Vqh applied. 

Note: This parameter is usually specified for open-collector 
outputs intended to drive other logic circuits. 


lO(off) Off-state output current 

The current flowing into* an output with a specified out- 
put voltage applied and input conditions applied that 
according to the product specification will cause the out- 
put switching element to be in the off state. 

Note: This parameter is usually specified for open-collec- 
tor outputs intended to drive devices other than logic 
circuits or for three-state outputs. 

IqS Short-circuit output current 

The current flowing into* an output when that output 
is short-circuited to ground (or other specified potential) 
with input conditions applied to establish the output 
logic level farthest from ground potential (or other spec- 
ified potential). 

*CCH Supply current, output(s) high 

The current flowing into* the Vqq supply terminal of a 
circuit when the reference output(s) is (are) at a high- 
level voltage. 

IqcL Supply current, output(s) low 

The current flowing into* the Vqq supply terminal of a 
circuit when the reference output(s) is (are) at a low- 
level voltage. 

DYNAMIC CHARACTERISTICS 

f m ax Maximum clock frequency 

The highest rate at which the clock input of a bistable 
circuit can be driven through its required sequence while 
maintaining stable transitions of logic level at the output 
with input conditions established that should cause a 
change of output state with each clock pulse. 

*Current flowing out of a terminal is a negative value. 
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DYNAMIC CHARACTERISTICS (continued) 

t HZ Output disable time (of a three-state output) from high 
level 

The time between the specified reference points on the 
input and output voltage waveforms with the three-state 
output changing from the defined high level to a high- 
impedance (off) state. 

tLZ Output disable time (of a three-state output) from low 
level 

The time between the specified reference points on the 
input and output voltage waveforms with the three-state 
output changing from the defined low level to a high- 
impedance (off) state. 

tpLH Propagation delay time, low-to-high-level output 

The time between the specified reference points on the 
input and output voltage waveforms with the output 
changing from the defined low level to the defined high 
level. 

tpHL Propagation delay time, high-to-low-level output 

The time between the specified reference points on the 
input and output voltage waveforms with the output 
changing from the defined high level to the defined low 
level. 

tTLH Transition time, low-to-high-level output 

The time between a specified low-level voltage and a 
specified high-level voltage on a waveform that is changing 
from the defined low level to the defined high level. 

t-|-|-|L Transition time, high-to-low-level output 

The time between a specified high-level voltage and a 
specified low-level voltage on a waveform that is changing 
from the defined high-level to the defined low-level. 


t w Average pulse width 

The time between 50-percent-amplitude points (or other 
specified reference points) on the leading and trailing 
edges of a pulse. 

thold Hold time 

The time interval for which a signal or pulse is retained at 
a specified input terminal after an active transition occurs 
at another specified input terminal. 

Release Release time 

The time interval between the release from a specified 
input terminal of data intended to be recognized and the 
occurrence of an active transition at another specified 
input terminal. 

Note: When specified, the interval designated "release 
time" falls within the setup interval and constitutes, in 
effect, a negative hold time. 

Wup Setu P time 

The time interval for which a signal is applied and main- 
tained at a specified input terminal before an active tran- 
sition occurs at another specified input terminal. 

t£H Output enable time (of a three-state output) to high 
level 

The time between the specified reference points on the 
input and output voltage waveforms with the three-state 
output changing from a high-impedance (off) state to the 
defined high level. 

t ZL Output enable time (of a three-state output) to low 
level 

The time between the specified reference points on the 
input and output voltage waveforms with the three-state 
output changing from a high-impedance (off) state to the 
defined low level. 


xvii 





SECTION 1 
Selection Guide To 
Raytheon 
Digital Products 


CONTENTS PAGE 

9LS/54LS/74LS Low-Power Schottky 1-2 

Beam Lead Low-Power Schottky 1-4 

25LS High-Performance Low-Power Schottky . 1-5 

Standard TTL 2's Complement Multipliers 1-5 

54/74 SSI Series 1-6 

54/74 MSI Series 1-7 

8200 MSI Series 1-8 

930 DTL Series 1-9 

RAY I and II Series TTL 1-10 

RAY III Series TTL 1-15 


^RAYTHEON^ 


1-1 




Digital Circuits 


FEATURES 

■ Highspeed, Low Power 

• 5 ns typical gate propagation delay time 

• 2 mW typical gate power dissipation at 50% duty cycle = speed-power product of lOpJ 

■ Ease of System Design 

• Switching times virtually insensitive to power supply, temperature variations 

• Low noise generation 

• High fan-out 

• Schottky-diode-clamped inputs minimize high-speed termination effects 

• Low output impedance gives low noise susceptibility, high capacitance drive capability 

• Power dissipation remains relatively low at operating frequencies up to 30 MHz 

• Smaller, lower-cost power supplies and cooling equipment 


9LS/54LS/74LS Low Power Schottky 


Type Number 

Description 

Prop Delay 1 
(ns) or Max. 
Op. Freq. 
(MHz) 2 

Pwr 

Diss. 

(mW) 

Available Packages 

14 Pin 

16 Pin 

24 Pin 

J 

w 

J 

w 

n 

Hi 

9LS/54 LS/74LS00 

Quad 2-input NAND gate 

10 

8 

X 

X 





9 LS/54 LS/74 LS0 1 

Quad 2-input NAND gate, open collectors 

20 

8 

X 

X 





9LS/54 LS/74LS02 

Quad 2-input NOR gate 

10 

11 

X 

X 





9 LS/54 LS/74 LS03 

Quad 2-input NOR gate, open collectors 

20 

8 

X 

X 





9 LS/54 LS/74 LS04 

Hex inverter 

10 

12 

X 

X 





9 LS/54 LS/74 LS05 

Hex inverter, open collectors 

20 

12 

X 

X 





9 LS/54 LS/74 LS08 

Quad 2-input AND gate 

12 

17 

X 

X 





9 LS/54 LS/74 LS09 

Quad 2-input AND gate, open collectors 

17.5 

17 

X 

X 





9 LS/54 LS/74 LSI 0 

Triple 3-input NAND gate 

10 

6 

X 

X 





9 LS/54 LS/74 LS1 1 

Triple 3-input AND gate 

12 

13 

X 

X 





9 LS/54 LS/74 LSI 2 

Triple 3-input NAND gate, open collectors 

20 

6 

X 

X 





9 LS/54 LS/74 LSI 3 

Dual 4-input Schmitt trigger 

20 

60 

X 

X 





9 LS/54 LS/74 LSI 4 

Hex Schmitt trigger 

20 

60 

X 

X 





9 LS/54 LS/74 LSI 5 

Triple 3-input AND gate, open collectors 

17.5 

13 

X 

X 





9 LS/54 LS/74 LS20 

Dual 4-input NAND gate 

10 

4 

X 

X 





9 LS/54 LS/74 LS21 

Dual 4-input AND gate 

17.5 

8.5 

X 

X 





9LS/54LS/74LS22 

Dual 4-input NAND gate, open collectors 

20 

4 

X 

X 





9LS/54LS/74LS26 

LS03, 15 volt outputs 

25 

8 

X 

X 





9 LS/54 LS/74 LS27 

Triple 3-input NOR gate 

10 

18 

X 

X 





9 LS/54 LS/74 LS28 

Quad 2-input NOR gate buffer 

15 

22 

X 

X 





9 LS/54 LS/74 LS30 

Single 8-input NAND gate 

13 

2 

X 

X 





9LS/54LS/74LS32 

Quad 2-inptu OR gate 

11 

20 

X 

X 





9 LS/54 LS/74 LS33 

LS28, open collectors 

30 

22 

X 

X 





9 LS/54 LS/74 LS37 

Quad 2-input NAND gate buffer 

15 

17 

X 

X 





9 LS/54 LS/74 LS38 

LS37, open collectors 

30 

17 

X 

X 





9 LS/54 LS/74 LS40 

Dual 4-input NAND gate buffer 

15 

9 

X 

X 





9 LS/54 LS/74 LS42 

1 of 10 decoder 

11 ns 

35 



X 

X 



9 LS/54 LS/74 LS43 

Excess 3 to decimal decoder 

11 ns 

35 



X 

X 



9 LS/54 LS/74 LS44 

Excess gray to decimal decoder 

1 1 ns 

35 



X 

X 



9LS/54LS/74LS51 

Dual 2-wide AOI 

13 

5.5 

X 

X 






1. Maximum at 25°C 

2. Guaranteed minimum at 25°C 
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9LS/54LS/74LS Low Power Schottky (Cont.) 


Type Number 

Description 

Prop Delay 1 
(ns) or Max. 

Op. Freq. 
(MHz) 2 

Pwr 

Diss. 

(mW) 

Available Packages 

14 Pin 

16 Pin 

24 Pin 

J 

W 

D 

w 

J 

w 

9 LS/54 LS/74 LS54 

4-wide 2-3-3-2 input AOI 

13 

4.5 

X 

X 





9 LS/54 LS/74 LS55 

2-wide 4-input AOI 

13 

2.8 

X 

X 





9LS/54LS/74LS73 

Dual J-K flip-flop, negative edge trigger 

35 MHz 

20 

X 

X 





9LS/54LS/74LS74 

Dual D-type flip-flop 

30 MHz 

20 

X 

X 





9LS/54 LS/74LS75 

Quad transparent latch 

12 

32 



X 

X 



9 LS/54 LS/74LS76 

Dual J-K flip-flop, preset and clear 

35 MHz 

20 



X 

X 



9LS/54LS/74LS77 

Quad transparent latch 

10 

33 

X 

X 





9 LS/54 LS/74LS78 

Dual J-K flip-flop, common clock and clear 

35 MHz 

20 

X 

X 





9LS/54LS/74 LS83A 

4-bit binary full adder 

18 

96 



X 

X 



9 LS/54 LS/74LS85 

4-bit magnitude comparator 

20 

52 



X 

X 



9 LS/54 LS/74LS86 

Quad 2-input exclusive OR gate 

12 

30 

X 

X 





9LS/54LS/74 LS90 

Decade Counter 

32 MHz 

45 

X 

X 





9LS/54LS/74 LS91 

8-bit shift register 

32 MHz 

45 

X 

X 





9 LS/54 LS/74LS92 

Divide by 12 counter 

32 MHz 

45 

X 

X 





9LS/54LS/74LS93 

4-bit binary counter 

32 MHz 

45 

X 

X 





9LS/54LS/741S95B 

4-bit bidirectional shift register 

30 MHz 

65 

X 

X 





9 LS/54 LS/74 LSI 07 

Dual J-K flip-flop with clear 

35 MHz 

20 

X 

X 





9LS/54LS/74 LSI 09 

Dual J-K flip-flop, positive edge trigger 

30 MHz 

20 



X 

X 



9LS/54LS/74LS112 

Dual J-K flip-flop, preset and clear 

35 MHz 

20 



X 

X 



9LS/54LS/74 LS1 13 

Dual J-K flip-flop with preset 

35 MHz 

20 

X 

X 





9 LS/54 LS/74 LS 114 

Dual J-K flip-flop, common clock 

35 MHz 

20 

X 

X 





9 LS/54 LS/74 LSI 22 

Retriggerable one-shot 

25 

45 

X 

X 





9 LS/54 LS/74 LSI 23 

Dual one-shot multivibrator 

25 

30 

X 

X 





9LS/54LS/74LS125 

Quad buffer with tri-state output 

15 

15 

X 

X 





9 LS/54 LS/74 LSI 26 

LSI 25, inverting 

15 

22 

X 

X 





9LS/54LS/74LS132 

Quad 2-input Schmitt trigger 

20 

40 

X 

X 





9 LS/54 LS/74 LS 1 36 

LS86 with open collectors 

23 

30 

X 

X 





9LS/54LS/74LS138 

3-to-8 line decoder/demultiplexer 

23 

31 



X 

X 



9LS/54LS/74LS139 

Dual 2-to-4 line decoder/demultiplexer 

23 

34 



X 

X 



9 LS/54 LS/74 LSI 51 

8-to-1 line multiplexer, compl. outputs 

20 

30 



X 

X 



9 LS/54 LS/74 LSI 52 

8-to-1 line multiplexer 

20 

34 

X 

X 





9 LS/54 LS/74 LSI 53 

Dual 4-to-1 line multiplexer 

15 

31 



X 

X 



9LS/54LS/74LS155 

Dual 2-to-4 line decoder/demultiplexer 

40 

30 



X 

X 



9LS/54LS/74 LS156 

LSI 55, open collectors 

40 

31 



X 

X 



9 LS/54 LS/74 LS 1 57 

Quad 2-to-1 line multiplexer 

15 

49 



X 

X 



9LS/54LS/74LS158 

LSI 57, inverting 

12 

24 



X 

X 



9LS/54LS/74 LS160 

BCD decade counter, asynchronous clear 

30 MHz 

93 



X 

X 



9LS/54LS/74LS161 

4-bit binary counter, asynchronous clear 

30 MHz 

93 



X 

X 



9LS/54LS/74LS162 

BCD decade counter, synchronous clear 

30 MHz 

93 



X 

X 



9 LS/54 LS/74 LSI 63 

4-bit binary counter, synchronous clear 

30 MHz 

93 



X 

X 



9LS/54LS/74 LSI 64 

8-bit shift register 

35 MHz 

80 

X 

X 





9LS/54LS/74LS170 

4x4 register file, open collectors 

30 

25 



X 

X 



9LS/54LS/74LS174 

Hex D-type flip-flop 

40 MHz 

80 



X 

X 



9LS/54LS/74LS175 

Quad D-type flip-flop 

40 MHz 

55 



X 

X 



9LS/54LS/74LS181 

4-bit arithmetic logic unit 

40 

102 





X 

X 


1. Maximum at 25°C 
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9LS/54LS/74LS Low Power Schottky (Cont.) 


Type Number 

Description 

Prop Delay 1 
(ns) or Max. 

Op. Freq. 
(MHz) 2 

Pwr 

Diss. 

(mW) 

Available Packages 

14 Pin 

16 Pin 

24 Pin 

Hi 


ni 

w 

111 


9LS/54LS/74LS190 

BCD decade counter, mode control 

25 MHz 

mm 



X 

X 



9LS/54LS/74LS191 

4-bit binary counter, mode control 

25 MHz 




X 

X 



9LS/54LS/74LS192 

BCD decade counter, up/down 

30 MHz 

85 



X 

X 



9LS/54LS/74LS193 

4-bit binary counter, up/down 

30 MHz 

85 



X 

X 



9 LS/54 LS/74 LSI 94 A 

4-bit bidirectional universal shift register 

30 MHz 

75 



X 

X 



9 LS/54 LS/74 LSI 95 A 

4-bit parallel access shift register 

30 MHz 

70 



X 

X 



9LS/54LS/74LS196 

4-bit presettable decade counter 

35 MHz 

60 

X 

X 





9 LS/54 LS/74 LSI 97 

4-bit presettable binary counter 

35 MHz 

60 

X 

X 





9 LS/54 LS/74 LS221 

Dual one-shot 

40 

95* 



X 

X 



9 LS/54 LS/74 LS2 51 

LSI 51 with tri-state outputs 

25 

35 



X 

X 



9 LS/54 LS/74 LS253 

LSI 53 with tri-state outputs 

15 

35 



X 

X 



9 LS/54 LS/74 LS255 

LSI 55 with tri-state outputs 

25 

35 



X 

X 



9LS/54LS/74LS257 

LSI 57 with tri-state outputs 

18 

50 



X 

X 



9 LS/54 LS/74 LS258 

LSI 58 with tri-state outputs 

15 

35 



X 

X 



9LS/54LS/74LS261 

2x4 parallel binary multiplexer 

35 

110 



X 

X 



9 LS/54 LS/74 LS266 

Quad 2-input exclusive NOR open collectors 

20 

40 

X 

X 





9 LS/54 LS/74 LS279 

Quad latch 

27 

12 



X 

X 



9 LS/54 LS/74 LS283 

4-bit full adder, fast carry 

18 

96 



X 

X 



9 LS/54 LS/74 LS295 A 

LS95B with tri-state outputs 

30 MHz 

70 

X 

X 





9 LS/54 LS/74 LS298 

Quad 2 multiplexer with output register 

16 

65 



X 

X 



9 LS/54 LS/74 LS365 

Hex buffer (tri-state, common enable) 

15 

68 



X 

X 



9 LS/54 LS/74 LS366 

Hex inverter (tri-state, common enable) 

15 

60 



X 

X 



9 LS/54 LS/74 LS367 

Hex buffer (tri-state, 4 x 2 bit) 

15 

68 



X 

X 



9 LS/54 LS/74 LS368 

Hex inverter (tri-state, 4x2 bit) 

15 

60 



X 

X 



9 LS/54 LS/74 LS375 

Quad latch (rotated LS75) 

12 

32 



X 

X 



9 LS/54 LS/74 LS386 

Quad 2-input exclusive OR gate 

12 

30 

X 

X 





9 LS/54 LS/74 LS39 5 

4-bit shift register (tri-state) 

35 MHz 

75 



X 

X 



9 LS/54 LS/74 LS670 

4x4 register file (tri-state) 

40 

150 



X 

X 




1. Maximum at 25°C 2. Guaranteed minimum at 25°C 


Beam Lead Low Power Schottky Devices 


Type 

Description 

Die 

Size 

(Mils) 

Layout 

Mech. 

Outline 

Dwg. 

No. of 

Beams 

EIA 

Std. 

54LS00BL 

Quad 2-input NAND gate 

45x45 

16 

X 

9 

54LS03BL 

Quad 2-input NAND gate, open collector outputs 

45x45 

16 

X 

9 

54LS04BL 

Hex inverter 

45x45 

16 

X 

9 

54LS05BL 

Hex inverter, open collector outputs 

45x45 

16 

X 

9 

54LS10BL 

Triple 3-input NAND gate 

45x45 

16 

X 

9 

54LS11BL 

Triple 3-input AND gate 

45x45 

16 

X 

9 

54LS15BL 

Triple 3-input AND gate, open collector outputs 

45x45 

16 

X 

9 

54LS153BL 

Dual 4-to-1 line multiplexer 

55 x 55 

20 

X 

12 

54LS253BL 

Dual 4-to-1 line multiplexer, tri-state output 

55x55 

20 

X 

12 
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Digital Circuits 

25LS High-Performance Low Power Schottky 


Type Number 

Description 

Prop Delay 1 
(ns) or Max. 

Op. Freq. 
(MHz)* 

Pwr. 

Diss. 

(mW) 

Available Packages 

14 Pin 

16 Pin 

20 Pin 

J 

W 

J 

w 

J 

w 

25LS14 

8-bit serial/parallel multiplier 

40 MHz 

455 



X 

X 



25LS15 

Quad serial adder/subtractor 

40 MHz 

240 





X 

X 

25LS22 

8-bit serial/parallel register 

70 MHz 

200 





X 

X 

25LS23 

8-bit shift/storage register 

50 MHz 

190 





X 

X 

25LS138 

3-to-8 line decoder/demultiplexer 

12 

31 



X 

X 



25LS139 

Dual 2-to-4 line decoder/demultiplexer 

10 

34 



X 

X 



25LS151 

8-to- 1 line multiplexer, compl. outputs 

9 

30 



X 

X 



25LS153 

Dual 4-in-l line multiplexer 

10 

31 



X 

X 



25LS157 

Quad 2-to-l line multiplexer 

6 

40 



X 

X 



25LS158 

LSI 57, inverting 

6 

24 



X 

X 



25LS160 

BCD decade counter, async. clear 

40 MHz 

93 



X 

X 



25LS161 

4-bit binary counter, async. clear 

40 MHz 

93 



X 

X 



25LS162 

BCD decade counter, sync, clear 

40 MHz 

93 



X 

X 



25 LSI 63 

4-bit binary counter, sync, clear 

40 MHz 

93 



X 

X 



25LS170 

4x4 register file, open collector 

20 

125 



X 

X 



25LS174 

Hex D-type flip-flop 

50 MHz 

80 



X 

X 



25LS175 

Quad D-type flip-flop 

50 MHz 

55 



X 

X 



25 LSI 81 3 

4-bit arithmetic logic unit 

12 

102 







25LS190 

BCD decade counter, mode control 

35 MHz 

90 



X 

X 



25LS191 

4-bit binary counter, mode control 

35 MHz 

90 



X 

X 



25LS192 

BCD decade counter, up/down 

35 MHz 

85 



X 

X 



25LS193 

4-bit binary counter, up/down 

35 MHz 

85 



X 

X 



25LS194A 

4-bit bidirectional-universal shift register 

40 MHz 

75 



X 

X 



25LS195A 

4-bit parallel access shift register 

40 MHz 

70 



X 

X 



25LS251 

LSI 51 with tri-state outputs 

9 

35 



X 

X 



25LS253 

LSI 53 with tri-state outputs 

9 

35 



X 

X 



25LS257 

LSI 57 with tri-state outputs 

7 

50 



X 

X 



25LS258 

LSI 58 with tri-state outputs 

7 

35 



X 

X 



25LS299 

8-bit shift/storage register 

50 MHz 

190 





X 

X 

25LS670 

LSI 70 with tri-state outputs 

20 

150 



X 

X 




1. Maximum at 25°C 3. Available in 24-pin J or W package. 

2. Guaranteed minimum at 25°C 


Standard TTL 2’s Complement Multipliers 






Available 



Prop Delay 1 
(ns) 

Pwr Diss. 

Packages 

Type Number 

Description 

(mW) 

N 

R 

2505 

4-bit by 2-bit 2's complement multiplier 

20 

450 

X 

X 

2506 

4-bit arithmetic logic unit/function generator with output latch 

20 

450 

X 

X 


1. Maximum at 25°C 


a 
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Digital Circuits 


54/74 SSI Series 


Type 

Description 

Prop Delay 
(ns) or Max. 
Op. Freq. 
(MHz) 

Pwr 1 
Diss. 
(mW) 

Available Packages 

14 Pin 

DC 

CJ 

54/7400 

Quadruple 2-input NAND gate 

10 

10 

X 

X 

54/7401 

Quadruple 2-input NAND gate, open collectors 

22 

10 

X 

X 

54/7403 

Quadruple 2-input NAND gate, open collectors 

22 

10 

X 

X 

54/7404 

Hex inverter 

10 

10 

X 

X 

54/7405 

Hex inverter, open collectors 

22 

10 

X 

X 

54/7408 

Quadruple 2-input AND gate 

15 

19 

X 

X 

54/7409 

Quadruple 2-input AND gate, open collectors 

18.5 

19.4 

X 

X 

54/7410 

Triple 3-input NAND gate 

10 

10 

X 

X 

54/741 1 

Triple 3-input AND gate 

15 

19 

X 

X 

54/7412 

Triple 3-input NAND gate, open collectors 

22 

10 

X 

X 

54/7415 

Triple 3-input AND gate, open collectors 

18.5 

19.4 

X 

X 

54/7420 

Dual 4-input NAND gate 

10 

10 

X 

X 

54/7421 

Dual 4-input AND gate 

15 

19 

X 

X 

54/7422 

Dual 4-input NAND gate, open collectors 

22 

10 

X 

X 

54/7437 

Quad 2-input NAND gate 

10 

10 

X 

X 

54/7438 

Quad 2-input NAND gate, open collectors 

10 

10 

X 

X 

54/7474 

Dual D-type flip-flop 

25 MHz 

43 

X 

X 

54/7486 

Quad 2-input exclusive OR gate 

14 

150 

X 

X 

54/74136 

54/7486 with open collectors 

27 

150 

X 

X 


1 Power dissipation is given for Vcc = 5.0 volts. Propagation delays given are for the average path. Operating temperature range, 5400 Types: 
-55°C to +125°C; 7400 Types: 0°Cto+70°C. 
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Digital Circuits 


54/74 MSI Series 


Type 

Description 

Prop Delay 
(ns) or Max. 

Op. Freq. 
(MHz) 

Pwr 1 

Diss 

(mW) 

Available Packages 

14 Pin 

16 Pin 

24 Pin 

DC 

CJ 

CL 

DD 

l\l 

R 

54/7442 

BCD-to-Decimal Decoder 

22 

140 



X 

X 



54/7443 

Excess 3-to-Decimal Decoder 

22 

140 



X 

X 



54/7444 

Excess 3 Gray-to-Decimal Decoder 

22 

140 



X 

X 



54/7445 

BCD-to-Decimal Decoder/Driver (30V Breakdown) 

30 

215 



X 

X 



54/7483 

4-Bit Binary Full Adder 

13 

300 



X 

X 



54/74123 

Dual Retriggerable Monostable Multivibrator 

21 

230 



X 

X 



54/74145 

BCD-to-Decimal recoder Driver (15V Breakdown) 

30 

215 



X 

X 



54/74150 

16-to-1 Line Data Selector/Multiplexer 

11 

200 





X 

X 

54/74151 

8-to-1 Line Data Selector/Multiplexer 

11 

145 



X 

X 



54/74152 

8-to-1 Line Data Selector/Multiplexer 

11 

130 



X 

X 



54/74153 

Dual 4-in-1 Line Data Selector/Multiplexer 

14 

180 



X 

X 



54/74154 

4-to-16 Line Decoder/Demultiplexer 

23 

170 





X 

X 

54/74155 

Dual 2-to-4 Line Decoder/Demultiplexer 

21 

250 



X 

X 



54/74156 

Dual 2-to-4 Line Decoder/Demultiplexer (Open Coll.) 

21 

250 



X 

X 



54/74157 

Ouad 2-to-1 Line Data Selector/Multiplexer 

9 

150 



X 

X 



54/74158 

Quad 2-to-1 Line Data Selector/Multiplexer (Inv. Data) 

9 

150 



X 

X 



54/74159 

4-to-T6 Line Decoder/Demultiplexer (Open Coll.) 

24 

170 





X 

X 

54/74160 

BCD Decade Counter, Async. Clear 

32 MHz 

305 



X 

X 



54/74161 

4-Bit Finary Counter, Async. Clear 

32 MHz 

305 



X 

X 



54/74162 

BCD Decade Counter, Sync. Clear 

32 MHz 

305 



X 

X 



54/74163 

4-Bit Binary Counter, Sync. Clear 

32 MHz 

305 



X 

X 



54/74164 

8-Bit Parallel-Out Serial Shift Register (S.I.P.O.) 

36 MHz 

167 

X 

X 





54/74165 

Parallel-Load 8-Bit Shift Register (P.I.S.O.) 

26 MHz 

210 



X 

X 



54/74166 

8-Bit Shift Register with Clear (P.I.S.O.) 

35 MHz 

360 



X 

X 



54/74170 

4x4 Register File 

20 

625 



X 

X 



54/74174 

Hex D-Type Flip-Flop 

35 MHz 

225 



X 

X 



54/74175 

Quad D-Type Flip-Flop 

35 MHz 

150 

1 


X 

X 



54/74180 

9-Bit Odd/Even Parity Generator/Checker 

32 

170 

X 

X 





54/74181 

4-Bit Arithmetic Logic Unit 

17 

440 

1 




X 

X 

54/74182 

Look-Ahead Carry Generator 

13 

180 



X 

X 



54/74190 

BCD Decade Up/Down Counter 

25 MHz 

325 



X 

X 



54/74191 

4-Bit Binary Up/Down Counter 

25 MHz 

325 



X 

X 



54/74192 

BCD Decade Up/Down Counter (Dual Clock) 

30 MHz 

325 



X 

X 



54/74193 

4-Bit Binary Up/Down Counter (Dual Clock) 

30 MHz 

325 



X 

X 



54/74194 

4-Bit Bidirectional Universal Shift Register 

36 MHs 

195 



X 

X 



54/74195 

4-Bit Parallel Access Shift Register 

39 MHz 

195 



X 

X 



54/74198 

8-Bit Right/ Left Shift Register (P.I.P.O.) 

35 MHz 

360 





X 

X 

54/74199 

8-Bit Shift Register (P.I.P.O.) 

35 MHz 

360 





X 

X 

54/74255 

54/74155 with 3-State Outputs 

21 

250 



X 

X 



54/74283 

4-Bit Binary Full Adder with Fast Carry 

13 

300 



X 

X 




1. Power dissipation is given for Vcc = 5.0 Volts. Propagation delays given are for the average path. Operating temperature range, 5400 Types: 
-55°C to +1 25°C; 7400 Types: 0°C to +70°C. 
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Digital Circuits 


8200 MSI Series 


Type 

Description 

Prop Delay 
(ns) or Max. 
Op. Freq. 
(MHz) 

Pwr 1 

Diss 

(mW) 

Available Packages 

14 pin 

16 Pin 

24 Pin 

DP 

DC 

CJ 

DB 

CL 

DD 

MB 

MP 

N 

R 

RM/RC8T09 

Quad Bus Driver (Tri-State Outputs) 

16 

235 


X 

X 








RM/RC8T10 

Quad D-Type Bus Flip-Flop (Tri-State Outputs) 

50 MHz 

250 





X 

X 





RM/RC8T20 

Bidirectional One-Shot 

30 

250 





X 

X 

X 

X 



RM/RC8200 

Dual 5-Bit Buffer Register 

35 MHz 

400 









X 

X 

RM/RC8201 

Dual 5-Bit Buffer Register (Inv. Outputs) 

35 MHz 

400 









X 

X 

RM/RC8202 

10-Bit Buffer Register 

35 MHz 

400 









X 

X 

RM/RC8203 

10-Bit Buffer Register (Inv. Outputs) 

35 MHz 

400 









X 

X 

RM/RC8230 

8-Input Multiplexer 

11 

184 





X 

X 


X 



RM/RC8231 

8-Input Multiplexer (Open Coll, f Output) 

13 

184 





X 

X 


X 



RM/RC8232 

8-Input Multiplexer 

11 

173 





X 

X 


X 



RM/RC8233 

2-Input 4-Bit Multiplexer 

16 

200 





X 

X 


X 



RM/RC8234 

2-Input 4-Bit Multiplexer (Open Coll.) 

16 

160 





X 

X 





RM/RC8235 

2-Input 4-Bit Multiplexer (Open Coll.) 

16 

230 





X 

X 





RM/RC8241 

Quad Exclusive 0 R Gate 

14 

225 

X 

X 

X 








RM/RC8242 

4-Bit Comparator (Open Coll.) 

14 

170 


X 

X 








RM/RC8243 

8-Bit Position Scaler 

25 

315 









X 

X 

RM/RC8250 

Binary-to-Octal Decoder 

20 

125 


X 

X 








RM/RC8251 

BCD to Decimal Decoder 

20 

135 





X 

X 


X 



RM/RC8252 

(9301) BCD to Decimal Decoder 

20 

135 





X 






RM/RC8260 

Arithmetic Logic Element 

14 

400 









X 

X 

RM/RC8261 

Fast Carry Extender 

13 

115 

X 

X 

X 








RM/RC8262 

9-Bit Parity Generator/Checker 

30 

300 


X 

X 








RM/RC8263 

3-Input 4-Bit Multiplexer 

17 

378 









X 

X 

RM/RC8264 

3-Input 4-Bit Multiplexer (Open Coll.) 

25 

400 









X 

X 

RM/RC8266 

2-Input 4-Bit Multiplexer 

14 

200 





X 

X 





RM/RC8267 

2-Input 4-Bit Multiplexer (Open Coll.) 

17 

200 





X 

X 

X 




RM/RC8270 

4-Bit Shift Register 

23 MHz 

168 

X 

X 

X 








RM/RC8271 

4-Bit Shift Register 

22 MHz 

270 





X 

X 

X 

X 



RM/RC8273 

10-Bit Serial-In, Parallel-Out Shift Register 

35 MHz 

340 





X 

X 

X 

X 



RM/RC8274 

10-Bit Parallel-In, Serial-Out Shift Register 

25 MHz 

380 





X 

X 

X 

X 



RM/RC8277 

Dual 8-Bit Shift Register 

20 MHz 

400 





X 

X 

X 

X 



RM/RC8280 

Decade Counter 

25 MHz 

185 

X 

X 

X 

X 







RM/RC8281 

4-Bit Binary Counter 

25 MHz 

185 

X 

X 

X 

X 







RM/RC8284 

Binary Hex Synchronous Up/Down Counter 

30 MHz 

315 


X 

X 








RM/RC8285 

BCD Decade Synchronous Up/Down Counter 

30 MHz 

315 

X 

X 

X 








RM/RC8290 

Presettable High Speed Decade Counter 

60 MHz 

190 

X 

X 

X 

x 







RM/RC8291 

Presettable High Speed Binary Counter 

60 MHz 

190 

X 

X 

X 

x 








1 Power dissipation is given for Vqq = 5.0 volts; propagation delays are given for the average path. Operating temperature range, RM Types: 
-55°C to +125°C; RC Types: 0°Cto+70°C. 
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Digital Circuits 


■ 


930 Series DTL 


Type 1 

Number Description 


RM/RC930 Dual 4 NAND/NOR gate with nodes 3 

RM/RC932 Dual 4 NAND/NOR buffer 

RM/RC933 Dual four expander 

RM/RC934 Hex Inverter 3 

RM/RC935 Hex Inverter 3 

RM/RC936 Hex Inverter 2 

RM/RC937 Hex Inverter 4 


RM/RC940 

RM/RC941 

RM/RC944 

RM/RC945 


Hex Inverter 
Hex Inverter 


RM/RC944 Dual 4 NAND/NOR power gate 
RM/RC945 Clocked Flip-Flop 3 
RM/RC946 Quad two NAND/NOR gate 3 
RM/RC948 Clocked Flip-Flop 4 
RM/RC949 Quad two NAND/NOR gate 4 

RM/RC950 Pulse triggered binary flip-flop 

RM/RC951 Monostable multivibrator 
RM/RC957 Quad 2 input buffers 

RM/RC958 Quad 2 NAND power gates 

RM/RC961 Dual 4 NAND/NOR gate with nodes 4 

RM/RC962 Triple three NAND/NOR gate 3 

RM/RC963 Triple three NAND/NOR gate 4 

RM/RC988 Monostable multivibrator 
RM/RC993 Dual RM945 3 ) separate clock, separate 


RM/RC993 Dual RM945 3 
RM/RC994 Dual RM948 4 

RM/RC997 Dual RM948 4 
RM/RC999 Dual RM945 3 


direct set, no direct clear 

common clock, common 
direct clear, direct set 


TYPICAL CHARACTERISTICS 


Fanout 

Function 

Tpd (ns) 
or 

Toggle 

Rate 

(Min) 

8 

30 

22 

40 

NA 

NA 



X XXX 
X XXX 
X XXX 
X XXX 
XXX 


X X 
X X 
XXX 


X X 

X X 


1- Operating temperature range; RM types: -55°C to +125°C; 

2. Without collector pull-up resistor, Rc 

3. 6K£~2 pull-up resistor 

4. 2K12 pull-up resistor 


Retypes: 0°C to +75°C 
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Digital Circuits 


RAY 1 and II Series TTL 

TYPICAL CHARACTERISTICS 

Available 

Packages 

Type 1 

Number 

Description 

Fanout 

Function 

Tpd (ns) 
or 

Toggle 

Rate 

(Min) 

Avg. Pwr. 
Function 
(tnW) 

50% Duty 

DC 

Noise 

Margin 

(V) 

14 Pin 

B 

3 

1 

II 

RF30 

Single phase SRT flip-flop 

15 

15 MHz 

30 

+1.1, -1.5 

X 

X 

X 

X 

RF31 

Single phase SRT flip-flop 

7 

15 MHz 

30 

+1.1, -1.5 

X 

X 

X 

X 

RF32 

J-K flip-flop (AND inputs) 

12 

15 MHz 

30 

+1.1, -1.5 

X 

X 

X 


RF33 

J-K flip-flop (AND inputs) 

6 

15 MHz 

30 

+1.1, -1.5 

X 

X 

X 


RF50 

J-K flip-flop (AND inputs) 

15 

20 MHz 

50 

+1.1, -1.5 

X 

X 

X 


RF51 

J-K flip-flop (AND inputs) 

7 

20 MHz 

50 

+1.1, -1.5 

X 

X 

X 


RF52 

F-K flip-flop (AND inputs) 

12 

20 MHz 

50 

+1.1, -1.5 

X 

X 

X 

X 

RF53 

J-K flip-flop (AND inputs) 

6 

20 MHz 

50 

+1.1, -1.5 

X 

X 

X 

X 

RF60 

J-K flip-flop (OR inputs) 

15 

20 MHz 

55 

+1.1, -1.5 

X 

X 

X 

X 

RF61 

J-K flip-flop (OR inputs) 

7 

20 MHz 

55 

+1.1, -1.5 

X 

X 

X 

X 

RF62 

J-K flip-flop (OR inputs) 

12 

20 MHz 

55 

+1.1, -1.5 

X 

X 

X 

X 

RF63 

J-K flip-flop (OR inputs) 

6 

20 MHz 

55 

+1.1, -1.5 

X 

X 

X 

X 

RF100 

Dual J-K flip-flop (separate clocks) 

11 

35 MHz 

55/flip-flop 

+1.0, -1.5 

X 

X 

X 

X 

RF101 

Dual J-K flip-flop (separate clocks) 

6 

35 MHz 

55/flip-flop 

+1.0, -1.5 

X 

X 

X 

X 

RF102 

Dual J-K flip-flop (separate clocks) 

9 

35 MHz 

55/flip-flop 

+1.0, -1.5 

X 

X 

X 

X 

RF103 

Dual J-K flip-flop (separate clocks) 

5 

35 MHz 

55/flip-flop 

+1.0, -1.5 

X 

X 

X 

X 

RF110 

Dual J-K flip-flop (common clock) 

11 

35 MHz 

55/flip-flop 

+1.0, -1.5 

X 

X 

X 

X 

RF111 

Dual J-K flip-flop (common clock) 

6 

35 MHz 

55/flip-flop 

+1.0, -1.5 

X 

X 

X 

X 

RF112 

Dual J-K flip-flop (common clock) 

9 

35 MHz 

55/flip-flop 

+1.0, -1.5 

X 

X 

X 

X 

RF113 

Dual J-K flip-flop (common clock) 

5 

35 MHz 

55/flip-flop 

+1.0, -1.5 

X 

X 

X 

X 

RF120 

Dual J-K flip-flop (separate clocks) 

11 

50 MHz 

55/flip-flop 

+1.0, -1.5 

X 

X 

X 

X 

RF121 

Dual J-K flip-flop (separate clocks) 

6 

50 MHz 

55/flip-flop 

+1.0, -1.5 

X 

X 

X 

X 

RF122 

Dual J-K flip-flop (separate clocks) 

9 

50 MHz 

55/flip-flop 

+1.0, -1.5 

X 

X 

X 

X 

RF123 

Dual J-K flip-flop (separate clocks) 

5 

50 MHz 

55/flip-flop 

+1.0, -1.5 

X 

X 

X 

X 

RF130 

Dual J-K flip-flop (common clock) 

11 

50 MHz 

55/flip-flop 

+1.0, -1.5 

X 

X 

X 

X 

RF131 

Dual J-K flip-flop (common clock) 

6 

50 MHz 

55/flip-flop 

+1.0, -1.5 

X 

X 

X 

X 

R F 132 

Dual J-K flip-flop (common clock) 

9 


55/flip-flop 

+1.0, -1.5 

X 

X 

X 

X 

RF133 

Dual J-K flip-flop (common clock) 

5 


55/flip-flop 

+1.0, -1.5 

X 

X 

X 

X 

RF20Q 

J-K flip-flop (AND inputs) 

11 


55 

+1.0, -1.5 

X 

X 

X 

X 

RF201 

J-K flip-flop (AND inputs) 

6 


55 

+1.0, -1.5 

X 

X 

X 

X 

RF202 

J-K flip-flop (AND inputs) 

9 


55 

+1.0, -1.5 

X 

X 

X 

X 

RF203 

J-K flip-flop (AND inputs) 

5 


55 

+1.0, -1.5 

X 

X 

X 

X 

RF210 

J-K flip-flop (OR inputs) 

11 


55 

+1.0, -1.5 

X 

X 

X 

X 

RF211 

J-K flip-flop (OR inputs) 

6 

50 MHz 

55 

+1.0, -1.5 

X 

X 

X 

X 

RF212 

J-K flip-flop (OR inputs) 

9 

50 MHz 

55 

+1.0, -1.5 

X 

X 

X 

X 

RF213 

J-K flip-flop (OR inputs) 

5 

50 MHz 

55 

+1.0, -1.5 

X 

X 

X 

X 

RF250 

J-K flip-flop (AND inputs) 

11 


50 


X 

X 

X 

X 

RF251 

J-K flip-flop (AND inputs) 

6 


50 


X 

X 

X 

X 

RF252 

J-K flip-flop (AND inputs) 

9 


50 


X 

X 

X 

X 

RF253 

J-K flip-flop (AND inputs) 

5 

30 MHz 

50 


X 

X 

X 

X 

RF260 

J-K flip-flop (OR inputs) 

11 

30 MHz 

55 


X 

X 

X 

X 

RF261 

J-K flip-flop (OR inputs) 

6 


55 

+1.1, -1.5 

X 

X 

X 

X 

RF262 

J-K flip-flop (OR inputs) 

9 


55 

+1.1, -1.5 

X 

X 

X 

X 

RF263 

J-K flip-flop (OR inputs) 

5 


55 

+1.1, -1.5 

X 

X 

X 

X 


1 . Operating temperature range, final digits 0 or 1 : -55°C to +1 25°C; final digits 2 or 3: 0°C to +70°C. 





































Digital Circuits 


RAY 1 and II Series TTL (Cont.) | 

TYPICAL CHARACTERISTICS 


Available 




Tpd (ns) 

Avg. Pwr. 
Function 

DC 

Noise 


Packages 




or 

Toggle 


14 Pin 

J 

Type 1 

Number 

Description 

Fanout 

Function 

Rate 

(Min) 

(mW) 

50% Duty 

Margin 

(V) 

E 

1 

1 

1 

RF9601 

Retriggerable monostable multivibrator 
(-55°C to +125°C) 

10mA 

25 


+1.0, -1.5 




X 

RF9602 

RG40 

Retriggerable monostable multivibrator 
(0°C to +75°C) 

Dual 4 input NAND gate 

12.8 mA 

15 

25 

10 


+1.0, -1.5 

+1.1, -1.5 

X 

X 

X 

X 

RG41 

Dual 4 input NAND gate 

7 


1 5/gate 

+1.1, -1.5 

X 

X 

X 

X 

RG42 

Dual 4 input NAND gate 

12 


15/gate 

+1.1, -1.5 

X 

X 

X 

X 

RG43 

Dual 4 input NAND gate 

6 


1 5/gate 

+1.1, -1.5 

X 

X 

X 

X 

RG50 

Exp. 4-wide, 2-2-2-3 input AOI gate 

15 

12 


+1.1, -1.5 

X 

X 

X 

X 

RG51 

Exp. 4-wide, 2-2-2-3 input AOI gate 

7 

12 


+1.1, -1.5 

X 

X 

X 

X 

RG52 

Exp. 4-wide, 2-2-2-3 input AOI gate 

12 

12 

30 

+1.1, -1.5 

X 

X 

X 

X 

RG53 

Exp. 4-wide, 2-2-2-3 input AOI gate 

6 

12 


+1.1, -1.5 

X 

X 

X 

X 

RG60 

Single 8 input NAND gate 

15 

12 

15 

+1.1, -1.5 

X 

X 

X 

X 

RG61 

Single 8 input NAND gate 

7 

12 

15 

+1.1, -1.5 

X 

X 

X 

X 

RG62 

Single 8 input NAND gate 

12 

12 

15 

+1.1, -1.5 

X 

X 

X 

X 

RG63 

Single 8 input NAND gate 

6 

12 

15 

+1.1, -1.5 

X 

X 

X 

X 

RG70 

Dual 2-wide, 2 input AOI gate, one side exp. 

15 

12 

20/gate 

+1.1, -1.5 

X 

X 

X 

X 

RG71 

Dual 2-wide, 2 input AOI gate, one side exp. 

7 

12 

20/gate 

+1.1, -1.5 

X 

X 

X 

X 

RG72 

Dual 2-wide, 2 input AOI gate, one side exp. 

12 

12 

20/gate 

+1.1, -1.5 

X 

X 

X 

X 

RG73 

Dual 2-wide, 2 input AOI gate, one side exp. 

6 

12 

20/gate 

+ 1.1, -1.5 

X 

X 

X 

X 

RG80 

Dual pulse shaper/delay AND gate 

15 

11 

30/gate 

+1.1, -1.5 

X 

X 

X 

X 

RG81 

Dual pulse shaper/delay AND gate 

7 

11 

30/gate 

+1.1, -1.5 

X 

X 

X 

X 

RG82 

Dual pulse shaper/delay AND gate 

12 

11 

30/gate 

+1.1, -1.5 

X 

X 

X 

X 

RG83 

Dual pulse shaper/delay AND gate 

6 

11 

30/gate 

+1.1, -1.5 

X 

X 

X 

X 

RG90 

Exclusive OR gate with complement 

15 

11 

35 

+1.1, -1.5 

X 

X 

X 

X 

RG91 

Exclusive OR gate with complement 

7 

11 

35 

+1.1, -1.5 

X 

X 

X 

X 

RG92 

Exclusive OR gate with complement 

12 

11 

35 

+1.1, -1.5 

X 

X 

X 

X 

RG93 

Exclusive OR gate with complement 

6 

11 

35 

+1.1, -1.5 

X 

X 

X 

X 

RG100 

Exp. 3-wide, 3 input AOI gate 

15 

12 

25 

+1.1, -1.5 

X 

X 

X 

X 

RG101 

Exp. 3-wide, 3 input AOI gate 

7 

12 

25 

+1.1, -1.5 

X 

X 

X 

X 

RG102 

Exp. 3-wide, 3 input AOI gate 

12 

12 

25 

+1.1, -1.5 

X 

X 

X 

X 

RG103 

Exp. 3-wide, 3 input AOI gate 

6 

12 

25 

+1.1, -1.5 

X 

X 

X 

X 

RG110 

Exp. 2-wide, 4 input AOI gate 

15 

12 


+1.1, -1.5 

X 

X 

X 

X 

RG111 

Exp. 2-wide, 4 input AOI gate 

7 

12 



X 

X 


X 

RG112 

Exp. 2-wide, 4 input AOI gate 

12 

12 



X 

X 


X 

RG113 

Exp. 2-wide, 4 input AOI gate 

6 

12 



X 

X 


X 

RG120 

Expandable single 8 NAND gate 

15 

18 

1 5/gate 


X 

X 

X 

X 

RG121 

Expandable single 8 NAND gate 

7 

18 

15/gate 


X 

X 

X 

X 

RG122 

Expandable single 8 NAND gate 

12 

18 

1 5/gate 


X 

X 

X 

X 

RG123 

Expandable single 8 NAND gate 

6 

18 

1 5/gate 


X 

X 

X 

X 

RG130 

Dual 4-input line driver 

30 

15 

30/gate 


X 

X 

X 

X 

RG131 

Dual 4 input line driver 

30 

15 

30/gate 


X 

X 

X 

X 

RG132 

Dual 4 input line driver 

24 

15 

30/gate 


X 

X 

X 

X 

RG133 

Dual 4 input line driver 

12 

15 

30/gate 


X 

X 

X 

X 


1. Operating temperature range, final digits 0 or 1 : -55°C to +125°C; final digits 2 or 3: 0°C to +70°C. 
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Digital Circuits 


RAY 1 and II Series TTL (Cont.) 

TYPICAL CHARACTERISTICS 

Available 

Packages 

Type 1 

Number 

Descriptio 

Description 

Fanout 

Function 

Tpd (ns) 
or 

Toggle 

Rate 

(Min) 

Avg. Pwr. 
Function 
(mW) 

50% Duty 

DC 

Noise 

Margin 

(V) 

14 Pin 

0 

1 

Q 

1 

RG140 

Quad 2 input NAND gate 

15 

mm 

15/gate 

+1.1, -1.5 

X 

X 

X 

X 

RG141 

Quad 2 input NAIMD gate 

7 


1 5/gate 

+1.1, -1.5 

X 

X 

X 

X 

RG142 

Quad 2 input NAND gate 

12 


1 5/gate 

+1.1, -1.5 

X 

X 

X 

X 

RG143 

Quad 2 input NAND gate 

6 

H 

15/gate 

+1.1, -1.5 

X 

X 

X 

X 

RG150 

4-wide, 2-2-2-3 input AOI expander 

- 

WM 

5/gate 

+1.1, -1.5 

X 

X 

X 

X 

RG151 

4-wide, 2-2-2-3 input AOI expander 

- 


5/gate 

+1.1, -1.5 

X 

X 

X 

X 

RG152 

4-wide, 2-2-2-3 input AOI expander 

- 


5/gate 

+1.1, -1.5 

X 

X 

X 

X 

RG153 

4-wide, 2-2-2-3 input AOI expander 

- 

!■ 

5/gate 

+1.1, -1.5 

X 

X 

X 

X 

RG160 

Triple 2 input buss driver 

22 

15 

1 5/gate 

+1.1, -1.5 

X 

X 

X 

X 

RG161 

Triple 2 input buss driver 

11 

15 

15/gate 

+1.1, -1.5 

X 

X 

X 

X 

RG162 

Triple 2 input buss driver 

18 

15 

1 5/gate 

+1.1, -1.5 

X 

X 

X 

X 

RG163 

Triple 2 input buss driver 

9 

15 

15/gate 

+1.1, -1.5 

X 

X 

X 

X 

RG170 

2-wide, 4 input AOI expander 

- 

1 

5/gate 

+1.1, -1.5 

X 

X 

X 

X 

RG171 

2-wide, 4 input AOI expander 

- 

1 

5/gate 

+1.1, -1.5 

X 

X 

X 

X 

RG172 

2-wide, 4 input AOI expander 

- 

1 

5/gate 

+1.1, -1.5 

X 

X 

X 

X 

RG173 

2-wide, 4 input AOI expander 

- 

1 

5/gate 

+1.1, -1.5 

X 

X 

X 

X 

RG180 

Dual 4 input NAND expander 

- 

1 

1 

+1.1, -1.5 


X 

X 

X 

RG181 

Dual 4 input NAND expander 

- 

1 

1 

+1.1, -1.5 


X 

X 

X 

RG182 

Dual 4 input NAND expander 

- 

1 

1 

+1.1, -1.5 


X 

X 

X 

RG183 

Dual 4 input NAND expander 

- 

1 

1 

+1.1, -1.5 

X 

X 

X 

X 

RG200 

Expandable single 8 NAND gate 

11 

8 

22/gate 

+1.0, -1.5 

X 

X 

X 

X 

RG201 

: Expandable single 8 NAND gate 

6 

8 

1 

+1.0, -T5 

X 

X 

X 

X 

RG202 

* Expandable single 8 NAND gate 

9 

8 


+1.0, -1?5 

X 

X 

X 

X 

RG203 

Expandable single 8 NAND gate 

5 

8 

22/gate 

+1.0, -1.5 

□ 

X 

X 

X 

RG210 

Expandable 2-wide, 4 input AOI gate 


7 

30 

+1.0, -1.5 

B 

X 

X 

X 

RG211 

Expandable 2-wide, 4 input AOI gate 

6 

7 

30 

+1.0, -1.5 

X 

X 

X 

X 

RG212 

Expandable 2-wide, 4 input AOI gate 

9 

■ 

30 

+1.0, -1.5 

X 

X 

X 

X 

RG213 

Expandable 2-wide, 4 input AOI gate 

5 

BS 1 

30 

+1.0, -1.5 

X 

X 

X 

X 

RG220 

Quad 2 input NAND gate 

11 

B^H 

22/gate 

+1.0, -1.5 

X 




RG221 

Quad 2 input NAND gate 

6 

6 

22/gate 

+1.0, -1.5 

X 




RG222 

Quad 2 input NAND gate 

9 

6 

22/gate 

+1.0, -1.5 

X 




RG223 

Quad 2 input NAND gate 

5 

6 

22/gate 

+1.0, -1.5 

X 

X 

X 

X 

RG230 

4-wide, 2-2-2-3 input AOI expander 

- 

2 

7/gate 

+1.0, -1.5 

X 

X 

X 

X 

RG231 

4-wide, 2-2-2-3 input AOI expander 

- 

2 

7 /gate 

+1.0, -1.5 

X 

□ 

B 

X 

RG232 

4-wide, 2-2-2-3 input AOI expander 

- 

2 

7 /gate 

+1.0, -1.5 

X 

a 

B 

X 

RG233 

4-wide, 2-2-2-3 input AOI expander 

- 

2 

7/gate 

+1.0, -1.5 

X 

X 

X 

X 

RG240 

Dual 4 input NAND gate 

11 

6 

22/gate 

+1.0, -1.5 

X 

X 

X 

X 

RG241 

Dual 4 input NAND gate 

6 

6 

22/gate 

+1.0, -1.5 

X 

X 

X 

X 

RG242 

Dual 4 input NAND gate 

9 

6 

22/gate 

+1.0, -1.5 

X 

X 

X 

X 

RG243 

Dual 4 input NAND gate 

5 

6 

22/gate 

+1.0, -1.5 

X 

X 

X 

X 

RG250 

Expandable 4-wide, 2-2-2-3 input AOI gate 

11 

8 

40 

+1.0, -1.5 

X 

X 

X 

X 

RG251 

Expandable 4-wide, 2-2-2-3 input AOI gate 

6 

8 

40 

+1.0, -1.5 

X 

X 

X 

X 

RG252 

Expandable 4-wide, 2-2-2-3 input AOI gate 

9 

8 

40 

+1.0, -1.5 

X 

X 

X 

X 

RG253 

Expandable 4-wide, 2-2-2-3 input AOI gate 

| 5 

8 

40 

+1.0, -1.5 

X 

□ 

X 

X 


1 . Operating temperature range, final digits 0 or 1 : -55°C to +1 25°C; final digits 2 or 3: 0°C to +70°C. 











































Digital Circuits 


hat i ana n series i i l. luoni.j 

TYPICAL CHARACTERISTICS 

Available 

Packages 

Type 1 

Number 

Description 

Fanout 

Function 

Tpd (ns) 
or 

Toggle 

Rate 

(Min) 

Avg. Pwr. 
Function 
ImW) 

50% Duty 

DC 

Noise 

Margin 

(V) 




Q 

o 

o 

RG260 

Single 8 input NAND gate 

11 

8 

22 

+1.0, -1.5 

X 

X 

X 

X 

RG261 

Single 8 input NAND gate 

6 

8 

22 

+1.0, -1.5 

X 

X 

X 

X 

RG262 

Single 8 input NAND gate 

9 

8 

22 

+1.0, -1.5 

X 

X 

X 

X 

RG263 

Single 8 input NAND gate 

5 

8 

22 

+1.0, -1.5 

X 

X 

X 

X 

RG270 

2-wide, 4 input AOI expander 

- 

1 

7/gate 

+1.0, -1.5 

X 

X 

X 

X 

RG271 

2-wide, 4 input AOI expander 

- 

1 

7/gate 

+1.0, -1.5 

X 

X 

X 

X 

RG272 

2-wide, 4 input AOI expander 

- 

1 

7/gate 

+1.0, -1.5 

X 

X 

X 

X 

RG273 

2-wide, 4 input AOI expander 

- 

1 

7/gate 

+1.0, -1.5 

X 

X 

X 

X 

RG280 

Expandable dual 4 input AND gate 

15 

11 

38/gate 

+1.1, -1.5 

X 

X 

X 

X 

RG281 

Expandable dual 4 input AND gate 

7 

11 

38/gate 

+1.1, -1.5 

X 

X 

X 

X 

RG282 

Expandable dual 4 input AND gate 

12 

11 

38/gate 

+1.1, -1.5 

X 

X 

X 

X 

RG283 

Expandable dual 4 input AND gate 

6 

11 

38/gate 

+1.1, -1.5 

X 

X 

X 

X 

RG290 

Dual 2 and 3 input AND/OR gate exp. 

- 

7 

15/gate 

+1.1, -1.5 

X 

X 

X 

X 

RG291 

Dual 2 and 3 input AND/OR gate exp. 

- 

7 

15/gate 

+1.1.-1.5 

X 

X 

X 

X 

RG292 

Dual 2 and 3 input AND/OR gate exp. 

- 

7 

1 5/gate 

+1.1.-1.5 

X 

X 

X 

X 

RG293 

Dual 2 and 3 input AND/OR gate exp. 

- 

7 

1 5/gate 

+1.1, -1.5 

X 

X 

X 

X 

RG300 

Expandable 3-wide, 3 input AOI gate 

11 

7 

35 

+1.0, -1.5 

X 

X 

X 

X 

RG301 

Expandable 3-wide, 3 input AOI gate 

6 

7 

35 

+1.0.-1.5 

X 

X 

X 

X 

RG302 

Expandable 3-wide, 3 input AOI gate 

9 

7 

35 

+1.0, -1.5 

X 

X 

X 

X 

RG303 

Expandable 3-wide, 3 input AOI gate 

5 

7 

35 

+ 1.0, -1.5 

X 

X 

X 

X 

RG310 

Dual 2-wide, 2 input AOI gate, one side exp. 

11 

7 

30/gate 

+1.0, -1.5 

X 

X 

X 

X 

RG311 

Dual 2-wide, 2 input AOI gate, one side exp. 

6 

7 

30/gate 

+1.0, -1.5 

X 

X 

X 

X 

RG312 

Dual 2-wide, 2 input AOI gate, one side exp. 

9 

7 

30/gate 

+1.0, -1.5 

X 

X 

X 

X 

RG313 

Dual 2-wide, 2 input AOI gate, one side exp. 

5 

7 

30/gate 

+1.0, -1.5 

X 

X 

X 

X 

RG320 

Triple 3 input NAND gate 

11 

6 

22/gate 

+1.0, -1.5 

X 

X 

X 

X 

RG321 

Triple 3 input NAND gate 

6 

6 

22/gate 

+1.0, -1.5 

X 

X 

X 

X 

RG322 

Triple 3 input NAND gate 

9 

6 

22/gate 

+1.0, -1.5 

X 

X 

X 

X 

RG323 

Triple 3 input NAND gate 

5 

6 

22/gate 

+1.0, -1.5 

X 

X 

X 

X 

RG370 

Hex inverter 

15 

10 

15/ inverter 

+1.1, -1.5 

X 

X 

X 

X 

RG371 

Hex inverter 

7 

10 

15/inverter 

+1.1, -1.5 

X 

X 

X 

X 

RG372 

Hex inverter 

12 

10 

15/inverter 

+1.1, -1.5 

X 

X 

X 

X 

RG373 

Hex inverter 

6 

10 

15/inverter 

+1.1, -1.5 

X 

X 

X 

X 

RG380 

Hex inverter 

11 

6 

22/inverter 

+1.0, -1.5 

X 

X 

X 

X 

RG381 

Hex inverter 

6 

6 

22/inverter 

+1.0, -1.5 

X 

X 

X 

X 

RG382 

Hex inverter 

9 

6 

22/inverter 

+1.0, -1.5 

X 

X 

X 

X 

RG383 

Hex inverter 

5 

6 

22/inverter 

+1.0, -1.5 

X 

X 

X 

X 

RG7510 

Quad 2 input line driver 

30 

15 

30/gate 

+1.1, -1.5 

X 

X 

X 

X 

RG7511 

Quad 2 input line driver 

15 

15 

30/gate 

+1.1, -1.5 

X 

X 

X 

X 

RG7512 

Quad 2 input line driver 

24 

15 

30/gate 

+1.1, -1.5 

X 

X 

X 

X 

RG7513 

Quad 2 input line driver 

12 

15 

30/gate 

+1.1, -1.5 

X 

X 

X 

X 

RG7520 

Quad 2 input lamp driver 

40 mA 

15 

30/gate 

+1.1, -1.5 

X 

X 

X 

X 

RG7521 

Quad 2 input lamp driver 

20 mA 

15 

30/gate 

+1.1, -1.5 

X 

X 

X 

X 

RG7522 

Quad 2 input lamp driver 

40 mA 

15 

30/gate 

+1.1, -1.5 

X 

X 

X 

X 

RG7523 

Quad 2 input lamp driver 

20 mA 

15 

30/gate 

+1.1, -1.5 

X 

X 

X 

X 


^raytheonJ 


1. Operating temperature range, final digits 0 or 1 : -55°C to +125°C; final digits 2 or 3: 0°C to +70° 
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Digital Circuits 


RAY I and II Series TTL (Cont.) 



TYPICAL CHARACTERISTICS 

Available 

Packages 

Type 1 

Number 

Description 

Fanout 

Function 

Tpd (ns) 
or 

Toggle 

Rate 

(Min) 

Avg. Pwr. 
Function 
(mW) 

50% Duty 

DC 

Noise 

Margin 

(V) 

14 Pin 

3 

c_> 

o 

o 

a 

mm 

Fast full adder 

10 


Pin 

HHH 

+0.6, -1.4 

X 

X 

X 

X 

111 

Fast full adder 

10 


5 24 ns 

■ 

+0.6, -1.4 

X 

X 

X 

X 

RL12 

Fast full adder 

10 


6 12 ns 


+0.6, -1.3 

X 

X 

X 

X 

R LI 3 

Fast full adder 

10 


7 13 ns 

90 mW 

+0.6, -1.3 

X 

X 

X 

X 

mmw 

Dependent carry fast adder 

10 

■> 

Pin 

125 mW 

+0.6, -1.4 

X 

X 

X 

X 


Dependent carry fast adder 

10 


5 25 ns 

125 mW 

+0.6, -1.4 

X 

X 

X 

X 

RL22 

Dependent carry fast adder 

10 


6 22 ns 

125 mW 

+0.6, -1.3 

X 

X 

X 

X 

RL23 

Dependent carry fast adder 

10 

J 

7 13 ns 

125 mW 

+0.6, -1.3 

X 

X 

X 

X 

RL30 

Dependent carry fast adder 

10 


Pin 

125 mW 

+0.6, -1.4 

X 

X 

X 

X 

RL31 

Dependent carry fast adder 

10 


5 25 ns 

125 mW 

+0.6, -1.4 

X 

X 

X 

X 

RL32 

Dependent carry fast adder 

10 


6 22 ns 

125 mW 

+0.6, -1.3 

X 

X 

X 

X 

RL33 

Dependent carry fast adder 

10 

J 

7 13 ns 

125 mW 

+0.6, -1.3 

X 

X 

X 

X 







Expander 





RL40 

Carry decoder 

10 



20 mW 

+0.7, -2.35 

X 

X 

X 

X 

RL41 

Carry decoder 

10 



20 mW 

+0.7, -2.35 





RL42 

Carry decoder 

10 



20 mW 

+0.7, -2.25 

X 

X 

X 

X 

RL43 

Carry decoder 

10 

-> 


20 mW 

+0.7, -2.25 

X 

X 

X 

X 

RL60 

4-bit storage register 

11 


25 ns 

175 mW 

+1.1, -1.5 

X 

X 

X 

X 

RL61 

4-bit storage register 

11 


25 ns 

175 mW 

+1.1, -1.5 

X 

X 

X 

X 

RL62 

4-bit storage register 

11 


25 ns 

175 mW 

+1.1, -1.5 

X 

X 

X 

X 

RL63 

4-bit storage register 

11 


25 ns 

175 m' A/ 

+1.1, -1.5 

X 

X 

X 

X 

RL70 

4-bit storage register 

11 


25 ns 

175 mW 

+1.1, -1.5 

X 

X 

X 

X 

RL71 

4-bit storage register 

11 


25 ns 

175 mW 

+1.1, -1.5 

X 

X 

X 

X 

RL72 

4-bit storage register 

11 


25 ns 

175 mW 

+1.1, -1.5 

X 

X 

X 

X 

RL73 

4-bit storage register 

11 


25 ns 

175 MW 

+1.1, -1.5 

X 

X 

X 

X 

RL80 

16-bit scratch pad memory 

6 


27 ns 

250 mW 

+1.1, -1.5 

X 

X 

X 

X 

RL81 

16-bit scratch pad memory 

6 


27 ns 

250 mW 

+1.1, -1.5 

X 

X 

X 

X 

RL82 

16-bit scratch pad memory 

6 


27 ns 

250 mW 

+1.1, -1.5 

X 

X 

X 

X 

RL83 

16-bit scratch pad memory 

6 


27 ns 

250 mW 

+1.1, -1.5 

X 

X 

X 

X 


1. Operating temperature range, final digits 0 or 1: -55°C to +125°C; final digits 2 or 3: 0°C to +70°C. 

2. Pin 5,A< 4.0 nS (add 1 A/1 pfd) 
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Digital Circuits 



Dual J-K flip-flop (separate clocks) 

Dual J-K flip-flop (separate clocks) 

Dual J-K flip-flop (common clock) 

Dual J-K flip-flop (common clock) 

AND input J-K flip-flop 
AND input J-K flip-flop 
OR input J-K flip-flop 
OR input J-K flip-flop 

Triple latch flip-flop (sep. neg. edge clocks) 
Triple latch flip-flop (sep. neg. edge clocks) 
Dual D-type flip-flop 
Dual D-type flip-flop 

Triple latch flip-flop (com. pos. edge clock) 
Triple latch flip-flop (com. pos. edge clock) 
5-channel selector flip-flop 
5-channel selector flip-flop 

Dual 4 input NAND gate expander 
Dual 4 input NAND gate expander 
Expandable single 8 NAND gate 
Expandable single 8 NAND gate 

Expandable 2-wide, 4 input AO I gate 
Expandable 2-wide, 4 input AO I gate 
Quad 2 input NAND gate 
Quad 2 input NAND gate 

4-wide, 2-2-3-3 input ADI expander 
4-wide, 2-2-3-3 input AO I expander 
Dual 4 input NAND gate 
Dual 4 input NAND gate 

Expandable 4-wide, 2-2-2-3 input AOI gate 
Expandable 4-wide, 2-2-2-3 input AOI gate 
Single 8 input NAND gate 
Single 8 input NAND gate 

2-wide, 4 input AOI expander 
2-wide, 4-input AOI expander 
Expandable 3-wide, 3 input AOI gate 
Expandable 3-wide, 3 input AOI gate 

Dual 2-wide, 2 input AOI gate, one side exp. 
Dual 2-wide, 2 input AOI gate, one side exp. 
Triple 3 input NAND gate 
Triple 3 input NAND gate 

Hex inverter 
Hex inverter 

Dual 4 input AND gate, split outputs 
Dual 4 input AND gate, split outputs 




22/inverter 

22/inverter 


+ 1.1, -1.5 
+1.1, -1.5 
+1.1, -1.5 
+1.1, -1.5 

+1.1, -1.5 
+1.1, -1.5 
+1.1, -1.5 
+1.1, -1.5 

+1.1, -1.5 
+1.1, -1.5 
+1.1, -1.5 
+1.1, -1.5 

+1.1, -1.5 
+1.1, -1.5 
+1.1, -1.5 
+1.1, -1.5 

+1.1, -1.5 
+1.1, -1.5 
+1.1, -1.5 
+1.1, -1.5 

+1.1, -1.5 
+1.1, -1.5 
+1.1, -1.5 
+1.1, -1.5 

+1.1, -1.5 
+1.1, -1.5 
+1.1, -1.5 
+1.1, -1.5 

+1.1, -1.5 
+1.1, -1.5 
+1.1, -1.5 
+1.1, -1.5 

+1.1, -1.5 
+1.1, -1.5 
+1.1, -1.5 
+1.1, -1.5 

+1.1, -1.5 
+1.1, -1.5 
+1.1, -1.5 
+1.1, -1.5 

+1.1, -1.5 
+1.1, -1.5 
+1.1, -1.5 
+1.1, -1.5 


X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 


Operating temperature range, final digit 0: -55 C to +125 C; final digit 2: 0 C to +70 C. 
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Digital Circuits 


RAY III Series TTL (Cont.) 


l»~t ■ ■ ■ ■ WV ■ IVtf I B ha \ ^ W ■ m mm j 

TYPICAL CHARACTERISTICS 

Available 

Packages 

Pins 

Type 1 

Number 

Description 

Fanout 

Function 

Tpd (ns) 
or 

Toggle 

Rate 

(Min) 

Avg. Pwr. 
Function 
(mW) 

50% Duty 

DC 

Noise 

Margin 

(V) 

14 

□ 

B 

1 

1 

I 

1 

RG3400 

Quad 2 input AND gate 

11 

6.5 

30/gate 

+1.1, -1.5 

X 

X 

X 



RG3402 

Quad 2 input AND gate 

10 

6.5 

30/gate 

+1.1, -1.5 

X 

X 

X 



RG3410 

Quad 2 input NOR gate 

11 

4.5 

30/gate 

+1.1, -1.5 

X 

X 

X 



RG3412 

Quad 2 input NOR gate 

10 

4.5 

30/gate 

+1.1, -1.5 

X 

X 

X 



RG3420 

Dual 4 input NAND gate, split outputs 

11 

4.5 

22/gate 

+1.1, -1.5 

X 

X 

X 



RG3422 

Dual 4 input NAND gate, split outputs 

10 

4.5 

22/gate 

+1.1, -1.5 

X 

X 

X 



RG3430 

Single 8 input NAND gate, split outputs 

11 

5.5 

22 

+1.1, -1.5 

X 

X 

X 



RG3432 

Single 8 input NAND gate, split outputs 

10 

5.5 

22 

+1.1, -1.5 

X 

X 

X 



RG3440 

Dual 2-wide, 2 input AOI gate, split outputs 

11 

5.5 

30/gate 

+1.1, -1.5 

X 

X 

X 



RG3442 

Dual 2-wide, 2 input AOI gate, split outputs 

10 

5.5 

30/gate 

+1.1, -1.5 

X 

X 

X 



RG3450 

4-wide, 2-2-3-4 input AOI gate 

11 

5.5 

40 

+1.1, -1.5 

X 

X 

X 



RG3452 

4-wide, 2-2-34 input AOI gate 

10 

5.5 

40 

+1.1, -1.5 

X 

X 

X 



RL3002 

10-bit parity generator/checker 

14 

25 ns 

325 mW 

+1.1, -1.7 




X 


RL3100 

4-bit full adder 

10 

15 ns 

350 

+1.4, -1.7 





X 

RL3102 

4-bit full adder 

10 

15 ns 

350 

+1.4, -1.7 





X 


1 Operating temperature range, final digit ( 


-DD t tO +IZD 


imai uiyn t 
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Low-Power Schottky 
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LSOO LS04 
LSIO LS20 LS30 


Positive-NAND Gates, Hex Inverters 


PIN-OUT AND LOGIC DIAGRAMS 




NC — No internal connection 








Positive-NAND Gates, Hex Inverters 


Recommended Operating Conditions 



9LS/54LS 

9LS/74LS 

Unit 

Min 

Nom 

Max 

Min 

Nom 

Max 

Supply voltage, V<x 

4.5 

5 

5.5 

4.75 

5 

5.25 

V 

Normalized fan-out from each output, N 

High logic level 



20 



20 


Low logic level 



10 



20 

Operating free-air temperature, T/\ 

-55 


125 

0 


70 

°c 


Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted) 


Parameter 

Test Conditions* 


9LS/74LS 

Unit 

Min 

EEQfl 



BTB 

UJ53I 

V|H 


2 



2 



V 

V|L 







0.8 

V 

V| 

V CC =MIN, l|=-18mA 



-1.5 



-1.5 

V 

VoH 

V CC =MIN, V| L =V| L max, l OH =-400jLtA, V !L =0.7V 

2.5 

tom 



mm 



V 0 L 

V C c=MIN, V m =2V 

Iql=4 mA 


0.25 

0.4 


0.25 

ESI 

mm 

Iql=8 mA 





kei 

MEM 

MEM 

l| 

V C c=MAX, V|=7.0V 






mm 

mA 

•iH 

V CC =MAX, V|=2.7V 






■ 

MEM 

IlL 

V C c=MAX, V|=0.4V 



msm 



WESM 

BBB1 

•os 

V C c=MAX, 

-15 


mu 

mm 


HEEI 

u 


V C c=MAX, All inputs at 0V 
(Per Gate) 

LS00,04,1 0,20 


Mt*m 

K£l 


MEM 

HQI 

mA 

LS30 


l&H 





•cCL 

Vqc=MAX, All inputs at 4.5 (Per Gate) 


0.6 





mA 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

**AII typical values are at Vqc = 5 V, T A = 25° C. 
tNot more than one output should be shorted at a time. 

Switching Characteristics, V cc = 5VOver Recommended Free-Air Temperature Range 


Parameter 

-55°C 

+25°C 

+ 1 25°C 

Unit 

1 

1 

1 

IEBB9EB9 

EEXETSESa 


*PLH 


■ 



BM 


US 

■ 

■ 



LS30 


7 

11 


6 

mbm 


■n| 

mm 

tPHL 

LS00,04,10, 


9 

15 


MEM 





IB 

LS20 


10 

IB 

Bill 

Mil 

mm 


MEM 

! H 

LS30 


18 

wm 

W-ua 

WBM 

WM I 


MEM 

mm 


tPLH 


■ 






■ 

10 

16 

ns 

ME3MM 


8 

MEM 


8 

MEM 


MM 

■9 

tPHL 

LS00,04,1 0, 


11 

17 


10 

16 


10 

16 

ns 

LS20 


12 

16 


12 

16 


12 

18 

LS30 


27 

35 


21 

28 


16 

23 


Note: AC specification shown under -55°C and +125°C are for 9LS devices only. All 50pF specifications 


are for 9LS devices only. 
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LS01 LS03 
LS05 LSI 2 LS22 


Positive-NAND Gates, Hex Inverters 
With Open-Collector Outputs 


PIN-OUT AND LOGIC DIAGRAMS 


LS01 

QUADRUPLE 2-INPUT NAND GATE 


LS03 

QUADRUPLE 2-INPUT NAND GATE 


12 11 10 



2 3 4 5 


Vcc 4Y 4B 4A 3Y 3B 3A 

0O3O3DI1O30EI 

ra 

dim matt] Em 

1Y 1A IB 2Y 2A 2B GND 
positive logic: Y = AB 


12 11 10 



2 3 4 5 


Die Size .060 x .067 


Die 


Size .060 x .067 


Vcc 4B 4A 4Y 3B 3A 3Y 




1A IB 1Y 2A 2B 2Y GND 


positive logic: Y = AB 


LS05 

HEX INVERTER 


LSI 2 

TRIPLE 3-INPUT NAND GATE 



Die Size .060 x .067 


Die Size .060 x .067 


LS22 

DUAL 4-INPUT NAND GATE 



2 4 5 

Die Size .060 x .067 


Vcc 2D 2C NC 2B 2A 2Y 

rap3](T2i[mosnn 


mm mam ms 

1A IB NC 1C ID 1YGND 



positive logic: Y = ABCD 


NC-No internal connection 
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Positive-NAND Gates, Hex Inverters 
With Open-Collector Outputs 


LS01 LS03 
LS05 LSI 2 LS22 


Recommended Operating Conditions 



9LS/54LS 

9LS/74LS 

Unit 

TTffll 

U2JI 


TTW 


moon 

Supply voltage, Vqc (See Note 1 ) 

4.5 

5 

5.5 

4.75 

5 

5.25 

V 

High-level output voltage, Vqh 



5.5 



5.5 

V 

Low-level output current, Iql 



4 



8 

mA 

Operating free-air temperature, T A 

-55 


125 



70 

°C 


NOTE 1 : Voltage values are with respect to network ground terminal. 


Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted) 


Parameter 

Test Conditions* 

9LS/54LS 

9LS/74LS 

Unit 

Min 

Typ** 

Max 

Min 

Typ~ 

Max 

V| H 


2 



2 



V 

V|L 




0.7 



0.8 

V 

V| 

V CC =MIN, l|=-18mA 



-1.5 



-1.5 

V 

*OH 

V CC =MIN, V 0 h=5.5V 

V, l =0.7V 



100 



100 

A*A 

V 0 L 

V C c=MIN, V|h=2V 

l 0 L =4mA 


0.25 

0.4 


0.25 

0.4 

V 

loL = SmA 





0.3 

0.5 

ii 

V C c = MAX, V|=7.0V 



0.1 



0.1 

mA 

1 IH 

Vcc=MAX, V|=2.7V 



20 



20 

jUA 

IlL 

Vcc=MAX, V,=0.4V 



-0.4 



-0.4 

mA 

•CCH 

Vcc=MAX, All inputs at 0V (Per Gate) 


0.2 

0.4 


0.2 

0.4 

mA 

•CCL 

Vcc = MAX, All inputs at 4.5V (Per Gate) 


0.6 

1.1 


0.6 

1.1 

mA 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

**AII typical values are at Vqc = 5 V, T A = 25° C. 
tNot more than one output should be shorted at a time. 

Switching Characteristics, V cc = 5VOver Recommended Free-Air Temperature Range 


Parameter 

-5S°C 

+25°C 

+125°C 

Unit 

Min | Typ | Max 

Min | Typ | Max 

Min | Typ | Max 


tPLH 

7.0 

wm 


MEM 



7.0 

15 



tpHL 

K:fiM 

mm 





ia 

10 

18 

BOH 



mm 

■fcMB 






21 

35 

ion 

tpHL 

6.0 

12 

25 

6.0 

12 

20 

6.0 _ 

12 

25 

ns 


Note: AC specification shown under -55°C and +125°C are for 9LS devices only. All 50pF specifications 
are for 9LS only. 
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LS02 LS27 


PIN-OUT AND LOGIC DIAGRAMS 



Recommended Operating Conditions 



9LS/54LS 

9LS/74LS 

Unit 

Min 

Nom 

Max 

Min 

Nom 

Max 

Supply voltage, Vcc 

4.5 

5 

5.5 

4.75 

5 

5.25 

V 

Normalized fan-out from each output, N 

High logic level 



20 



20 


Low logic level 



10 



20 

Operating free-air temperature, T/\ 

-55 


125 

0 


70 

°C 


Electrical" Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted) 


Parameter 

Test Conditions* 

9LS/54LS 

9LS/74LS 

Unit 

Min 

Typ** 

Max 

Min 

Typ** 

Max 

Vih 


2 



2 



V 

V| L 




0.7 



0.8 

V 

V| 

V C c=MIN, l,=-1 8mA 



-1.5 



-1.5 

V 

v OH 

V CC =MIN, l O H="400 i uA 

V|i_=0.7V 

2.5 

3.4 


2.7 

3.4 


V 

V 0 L 

V C c=MIN, 

loL = 4mA 


0.25 

0.4 


0.25 

0.4 

V 

IOL = 8mA 





0.35 

0.5 

l| 

V C c=MAX, V|=7V 



0.1 



0.1 

mA 

IlH 

V C c=MAX, V|=2.7V 



20 



20 

m a 

IlL 

V C c=MAX, V|=0.4V 



-0.4 



-0.4 

mA 

•os 

Vcc^MAX, 

-15 


-100 

-15 


-100 

mA 

l CCH t 

Vcc = MAX, All inputs at 0V 

LS02 


1.6 

3.2 


1.6 

3.2 

mA 

LS27 


2.0 

4.0 


2.0 

4.0 

■CCL 

Vcc = MAX, All inputs at 5V 

LS02 


2.8 

5.4 


2.8 

5.4 

mA 

LS027 


3.4 

6.8 


3.4 

6.8 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

**AII typical values are at V cc = 5V, = 25°C. 

tNot more than one output should be shorted at a time. 

Switching Characteristics, V cc = 5V Over Recommended Free-Air Temperature Range 


Parameter 

— 55°C 

+25°C 

+ 125°C 

Unit 

Min | Typ | Max 

Min | Typ | Max 

Min | Typ | Max 

| Test Conditions: C u = 15pF, R u = 2kft (See Fig. A, page 2-174) | 

tPLH 


5 

11 



m 


8 



tpHL 


7 

14 



i 


4 

ra 

B31 



tPLH 


8 

13 


8 

mm 


■If 

MBi 

■ 

tPHL 


10 

15 


7 

mm 


! 7 | 
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Positive- AND Gates 


LS08 LS11 LS21 


PIN-OUT AND LOGIC DIAGRAMS 


LS08 

QUADRUPLE 2-INPUT AND GATES 


LS11 

TRIPLE 3-INPUT AND GATES 


12 11 10 9 



2 3 4 5 


VCC 48 4A 4Y 3B 3A 3Y 




1A IB 1Y 2A 2B 2Y GND 


Die Size .045 x .056 


positive logic: Y = AB 


9 8 7 6 



13 14 1 2 

Die Size .052 x .054 


Vcc 1C 1Y 3C 3B 3A 3Y 



1A IB 2A 2B 2C 2Y GND 
positive logic: Y = ABC 


LS21 

DUAL 4-INPUT AND GATES 


Vcc 2D 2C NC 2B 2A 2Y 



245 1A IB NC 1C ID 1Y GND 


Die Size .042 x .044 


positive logic: Y = ABCD 


NC-No internal connection 


Recommended Operating Conditions 



9LS/54LS 

9LS/74LS 

Unit 

Min 

Nom 

Max 

Min 

Nom 

Max 

Supply voltage, Vcc 

4.5 

5 

5.5 

4.75 

5 

5.25 

V 

Normalized fan-out from each output, N 

High logic level 



20 



20 


Low logic level 



11 



20 

Operating free-air temperature, 

-55 


125 

0 


70 

°C 


H^RAYTHEOnH 
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LS08 LS11 LS21 


Positive-AND Gates 


Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted) 


Parameter 

Test Conditions* 

9LS/54LS 

9LS/74LS 

Unit 

Min 

CTH 

Max 

B'lll.W 

EH2I 


V|H 


2 



2 



V 

V|L 




0.7 



0.8 

V 

V| 

V C c=MIN, l|=- 1 8mA 



-1.5 



-1.5 

V 

VoH 

V C c=MIN, I O h=“400 / L£A 

V m =2.0V 

2.5 

3.4 


2.7 

3.4 


V 

V OL 


l0L =4m A 


0.25 

0.4 


0.25 

0.4 

V 

l 0 L = 8mA 





0.35 

0.5 

l| 

V C c=MAX, V|=7.0V 



0.1 



0.1 

mA 

l|H 

V C c=MAX, V|=2.7V 



20 



20 

JUA 

1 1 L 

Vcc^MAX, V,=0.4V 



-0.4 



-0.4 

mA 

•os 

Vcc=MAX 

-15 


-100 

-15 


-100 

mA 

l CCH 

Vcc = MAX, All inputs at 4.5V (Per Gate) 


0.6 

1.2 


0.6 

1.2 

mA 

•CCL 

Vcc = MAX, All inputs at OV (Per Gate) 


1.1 

2.2 


1.1 

2.2 

mA 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

**AII typical values are at Vcc = 5 V, Ta = 25° C. 
tNot more than one output should be shorted at a time. 




















Positive-AND Gates 

With Open-Collector Outputs 


LS09 LSI 5 


PIN-OUT AND LOGIC DIAGRAMS 



Recommended Operating Conditions 



9LS/54LS 

9LS/74LS 

Unit 

Min 

Nom 

Max 

Min 

Nom 

Max 

Supply voltage, Vcc (See Note 1) 

4.5 

5 

5.5 

4.75 

5 

5.25 

V 

High-level output voltage, Vqh 



5.5 



5.5 

V 

Low-level output current, Iql 

-55 


125 

0 


70 

°c 


NOTE 1 : Voltage values are with respect to network ground terminal. 


Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted) 


Parameter 

Test Conditions* 

9LS/54LS 

9LS/74LS 

Unit 

Min 

Typ** 

Max 

Min 

Typ** 

Max 

V| H 


2 



2 



V 

V , L 




0.7 



0.8 

V 

V, 

V C c = MIN, l,=-1 8mA 



-1.5 



-1.5 

V 

V OH 

V C c=MIN, V OH = 5.5V, V,h=2.0V 



100 



100 

m a 

'(OH 

Vcc=MIN, V| L =V 1l MAX 

• 0L = 4mA 


0.25 

0.4 


0.25 

0.4 

V 

loL = 8mA 





0.35 

0.5 

h 

Vcc=MAX, V|=7.0V 



0.1 



0.1 

mA 

IlH 

Vcc=MAX, V|=2.7V 



20 



20 

juA 

IlL 

,V C c=MAX, V|=0.4V 



-0.4 



-0.4 

mA 

■CCH 

Vcc = MAX, All inputs at 4.5V (Per Gate) 


0.6 

1.2 


0.6 

1.2 

mA 

•CCL 

V C c=MAX, All inputs at 0V (Per Gate) 


1.1 

2.2 


1.1 

2.2 

mA 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

* * All typical values are at Vcc = 5 V, = 25° C. 


Switching Characteristics, V cc = 5V Over Recommended Free-Air Temperature Range 


Parameter 

— 55°C 

+ 25°C 

+125°C 

Unit 

Min | Typ | Max 

Min | Typ | Max 

Min | Typ | Max 

Test Conditions: C L = 15pF, R L = 2kfl (See Fig. B, page 2-174) | 

tpLH 


14 

20 


14 

21 


28 

42 

ns 

tpHL 


10 

15 


8 

12 


9 

13 

ns 

Test Conditions: C L = 50pF, R L = 2kO (See Fig. B, page 2-174) | 

tPLH 


30 

38 


30 

38 


40 

54 

ns 

tpHL 


16 

23 


12 

17 


13 

17 

ns 


Note: AC specification shown under -55°C and +125°C are for 9LS devices only. All 50pF specifications 
are for 9LS devices only. 
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LSI 3 LSI 4 


Schmitt-Trigger Positive-NAND Gates and 
Inverters with Totem-Pole Outputs 


FEATURES 

■ Operation from Very Slow Transitions 

■ Temperature-Compensated Threshold Levels 

■ Temperature-Compensated Hysteresis, Typically 0.8V 

■ High Noise Immunity 

DESCRIPTION 

Each circuit functions as a NAND gate or inverter, but 
because of the Schmitt action, it has different input thres- 
hold levels for positive- and negative-going signals. The 
hysteresis or backlash, which is the difference between the 
two threshold levels, is typically 800 millivolts. 

These circuits are temperature compensated and can be trig- 
gered from the slowest of input ramps and still give clean, 
jitter-free output signals. 


PIN-OUT AND LOGIC DIAGRAMS 


LS13 

13 12 11 10 9 8 



Die Size .057 x .057 


NC- No internal connection 


SCHEMATIC (EACH GATE) 



LS14 

13 12 11 10 9 8 



Die Size .057 x .057 


Recommended Operating Conditions 



9LS/54LS 

9LS/74LS 

Unit 

Min 

Nom 

Max 

Min 

Nom 

Max 

Supply voltage, Vcc 

4.5 

5 



5 

5.25 

V 

High-level output current, Iqh 



-400 



Blsisl 

K1U 

Low-level output current, Iql 



4 



8 

mm 

Operating free-air temperature, T^ 

-55 


125 

0 


70 

mm 
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Schmitt-Trigger Positive-NAND Gates and 
Inverters with Totem-Pole Outputs 


LSI 3 LSI 4 


Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted) 



Test Conditions* 

9LS/54LS 

9LS/74LS 

Unit 

ESDI 

ebb 



IjSS| 


E | 

V CC =5V 








V T - 

V C c=5V 

•5 . 

■8 

1.0 

•5 

.8 

mm. 


Vj+ - v T _ 

V CC =5V 


itiisM 


■iSSj 

I2H 


V 

Vr 

Vcc^MIN, l,=-18mA 







V 

VoH 

V C c=MIN, I oh = -400juA, V|=0.6V 




eii 




V OL 


loi_-4mA 


■jOg 

0.4 





l 0 L =8mA 







■t+ 

V CC =5V, V,=V T+ 


Him 



BB1EI 




V CC =5V, V,=V T - 


am 








■ ■ 

■ 

0.1 






V C c=MAX, V|=2.7V 



20 




MUM 


V C c=MAX, V|=0.4V 

mn 

■ ■ 

-0.4 





•os 

V C c=MAX 

mm 


-100 

b a 


BQEEI 

JT^I 

•CCH 

•CCL 

V C c=MAX, V|=0V 

V C c=MAX, V,=4.5V 

LSI 3 


2.9 

6 


2.9 

6 

mA 

LS14 


8.6 

16 


8.6 

16 

LSI 3 


4.1 

7 


4.1 

7 

mA 

LS14 


12 

21 


12 

21 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

**AII typical values are at Vcc = 5V, Ta = 25° C. 
tNot more than one output should be shorted at a time. 

Switching Characteristics, V cc = 5VOver Recommended Free-Air Temperature Range 


Parameter 

-55°C 

+25°C 

+125°C 

Unit 

Min | Typ | Max 

Min | Typ | Max 

Min | Typ | Max 

Test Conditions: C u = 15pF, R u = 2kO (See Fig. A, page 2-174) | 

*PLH 

LSI 3 

16 

28 



15 

22 


16 

30 

ns 

LSI 4 

16 

28 



15 

22 


16 

30 

ns 

tPHL 

LSI 3 

22 

38 



18 

27 


20 

38 

ns 

LS14 

17 

32 



15 

22 


16 

30 

ns 

Test Conditions: C L = 50pF, R L = 2kO (See Fig. A, page 2-174) | 

*PLH 

LSI 3 

20 

38 



20 

27 


20 

38 

ns 

LS14 

20 

38 



20 

27 


21 

38 

ns 

tPHL 

LSI 3 

25 

42 



25 

33 


25 

42 

ns 

LSI 4 

21 

38 



20 

27 


21 

38 

ns 


Note: AC specification shown under -55°C and +125°C are for 9LS devices only. All 50pF specifications 


are for 9LS only. 


PARAMETER MEASUREMENT INFORMATION 




t-fr-^PHL— ^ 


h— 

^ l 


• 3V 


t PLH — *4 


v OH 


VOLTAGE WAVEFORMS 


NOTES: A. The input waveform is supplied by a generator with the following characteristics: 

Z ou t = 50ft and PRR < 1 MHz, t r < 1 5 ns, tf < 6 ns. 

B. Cl includes probe and jig capacitance. 

C. All diodes are 1N916 or 1N3064. 

^AYTHEON^ 
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LSI 3 LS14 


Schmitt-Trigger Positive-NAND Gates and 
Inverters with Totem-Pole Outputs 


TYPICAL CHARACTERISTICS* 


POSITIVE-GOING THRESHOLD VOLTAGE 
VS 

FREE-AIR TEMPERATURE 

> 

1 1,70 I 1 1 

1 1.69 -Vcc = 5V 

| 1.68 

2 1.67 

| 1.66 —5^ 

f 1.65 

£ 1.64 

O 1.63 

d> 

> 1.62 

8 1.61 

°i 1.60 1 I 1 I I I 1 1 

+ -75 -50 -25 0 25 50 75 100 125 

> T^-Free-Air Temperature-°C 


1 1 

— 

5V 































*** 
















































NEGATIVE-GOING THRESHOLD VOLTAGE 
VS 

FREE-AIR TEMPERATURE 



■ 0.80 I I I I I I I I I 

^ -75 -50 -25 0 25 50 75 100 125 

> T^-Free-Air Temperature-°C 


HYSTERESIS 

VS 

FREE-AIR TEMPERATURE 



Free-Air Temperature °C 


DISTRIBUTION OF UNITS 
FOR HYSTERESIS 



720 740 760 780800 820 840 860 880 


Vy + -Vy ; -Hysteresis-mV 


THRESHOLD VOLTAGES AND HYSTERESIS 
VS 



V cc -Supply Voltage-V 


OUTPUT VOLTAGE 
VS 

INPUT VOLTAGE 


Vcc = 5V 

TA = 25° C 
















































L 






































, 






0 0.4 0.8 1.2 1.6 2 

Vj-lnput Voltage-V 



> 


^Data for temperatures below 0°C and above 70°C and supply voltages below 4.75V and above 5.25 are applicable for 9LS/54LS13, and 
9LS/54LS14. 
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Schmitt-Trigger Positive-NAND Gates and 
Inverters with Totem-Pole Outputs 


LSI 3 LSI 4 


TYPICAL APPLICATION DATA 



TTL SYSTEM INTERFACE PULSE SHAPER 

FOR SLOW INPUT WAVEFORMS 



MULTIVIBRATOR THRESHOLD DETECTOR 


Open-collector 



PULSE STRETCHER 
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LS26 


Quadruple 2-Input High-Voltage 
Positive-NAND Gate 


PIN-OUT AND LOGIC DIAGRAM 
(OPEN-COLLECTOR OUTPUTS) 



Recommended Operating Conditions 



9LS/54LS 

9LS/74LS 

Unit 

Min 

Nom 

Max 

Min 

Nom 

Max 

Supply voltage, Vcc (See Note 1 ) 

4.5 

5 

5.5 

4.75 

5 

5.25 

V 

High-level output voltage, Vqh 



15 



15 

V 

Low-level output current, Iql 



4 



8 

mA 

Operating free-air temperature, Ta 

-55 


125 

0 


70 

°C 


NOTE 1 : Voltage values are with respect to network ground terminal. 


Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted) 


Parameter 

Test Conditions* 

9LS/54LS 

9LS/74LS 

Unit 

Min 

Typ** 

Max 

Min 

Typ** 

Max 

V| H 


2 



2 



V 

V|L 




0.7 



0.8 

V 

V, 

V C c=MIN, l|=-18mA 



-1.5 



-1.5 

V 

•oh 

V CC =MIN, V|L=V|i_max 

Voh=12V 



50 



50 

fxA 

V 0 h=15V 



1 



1 

mA 

V OL 

V C c=MIN, V m =2V 

• 0L = 4mA 


0.25 

0.4 


0.25 

0.4 

V 

1 OL~ Sm A 





0.35 

0.5 

•l 

V C c=MAX, V|=7V 



0.1 



0.1 

mA 

IlH 

V CC =MAX, V|=2.7V 



20 



20 

M A 

•iL 

Vcc=MAX, V|=0.4V 



-0.4 



-0.4 

mA 

•CCH 

Vcc = MAX, All inputs at 0V 


0.8 

1.6 


0.8 

1.6 

mA 

•CCL 

Vcc = MAX, All inputs at 4.5V 


2.4 

4.4 


2.4 

4.4 

mA 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

**AII typical values are at Vcc ~ 5V, Ta = 25° C. 


Switching Characteristics, V cc = 5VOver Recommended Free-Air Temperature Range 


Parameter 

— 55°C 

+25°C 

+ 125°C 

Unit 

Min | Typ | Max 

Min | Typ | Max 

Min | Typ | Max 

Test Conditions: C L = 15pF, R L = 2kft (See Fig. B, page 2-174) ] 

tPLH 

B3 


28 





15 



tPHL 



22 





10 


mm 

Test Conditions: C L = 50pF, R L = 2kft (See Fig. B, page 2-174) | 

tPLH 

12 

18 

35 

12 

20 

30 

12 

21 

35 

ns 

tPHL 

6.0 

12 

25 

6.0 

12 

20 

6.0 

12 

25 

ns 


Note: AC specification shown under -55°C and +125°C are for 9LS devices only. All 50pF specifications 
are for 9LS only. 


■ I PM- ■— 
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NOR, NAND Buffers 


LS28 LS37 LS40 


PIN-OUT AND LOGIC DIAGRAMS 


LS28 

QUADRUPLE 2-INPUT NOR BUFFER 


LS37 

QUADRUPLE 2-INPUT NAND BUFFER 



Vcc 4Y 4B 4A 3Y 3B 3A 



positive logic: Y = A+B 


Die Size .045 x .052 


Vcc 4B 4A 4Y 3B 3A 3Y 




1A IB 1Y 2A 2B 2Y GND 


positive logic: Y = AB 


LS40 

DUAL 4-INPUT NAND BUFFER 


Vcc 2D 2C NC 2B 2A 2 Y 



Die Size .045 x .052 


positive logic: Y = ABCD 


Recommended Operating Conditions 



9LS/54LS 

9LS/74LS 

Unit 

Min 

Nom 

Max 

Min 

Nom 

Max 

Supply voltage, Vcc 

4.5 

5 

5.5 

4.75 

5 

5.25 

V 

Normalized fan-out from each output, N 

High logic level 



60 



60 


Low logic level 



30 



60 

Operating free-air temperature, 

-55 


125 

0 


70 

°C 
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LS28 LS37 LS40 


NOR, N AND Buffers 


Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted) 


Parameter 

Test Conditions* 

9LS/54LS 

9LS/74LS 

Unit 

EQji 

EM 

EHJil 

H'JIM 

era 


V|H 





2 



V 

V|L 




Wk*kM 




mm 

V, 

V CC *MIN, l|=- 1 8mA 



ME 1 



BB 


Voh 

Vcc^MiN, l 0 H~“1 -2mA 

V, l =0.7V 


mm 


warn 

KD 


V 

V 0L 


Iol."! 2mA 



■OEM 



mem 

V 

IOL = 22mA 





0.35 

HP131 

l| 

V C c=MAX, V,=7V 



0.1 



0.1 

E3 

IlH 

Vcc^MAX, V,=2.7V 



mu 



EE9M 

KLS 

IlL 

V CC =MAX, V|=0.4V 



-0.4 



-0.4 

m 

ios 

V C c=MAX 




■Hflchl 


EQiQI 

E22QI 


Vqc^MAX, All inputs at OV 
(Per Gate) 

LS28 


MElsI 

s 


EES 


mA 

LS37,40 


0.23 

JM 




ESH 

Vcc MAX, All inputs at 5V 
(Per Gate) 

LS28 


1.7 

eeb 1 


mem 


mA 

LS37,40 


1.5 

mm 


1.5 

3.0 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

**AII typical values are at Vcc = 5V, Ta = 25° C. 
tNot more than one output should be shorted at a time. 

Switching Characteristics, V cc = 5VOver Recommended Free-Air Temperature Range 


Parameter 

— 55°C 

+25°C 

+ 125°C 


1 

1 

1 

ESI B3J3IE333i 

EH3EI1CC3 

| Test Conditions: C L = 45pF, R L = 667a (See Fig. A, page 2-174) j 

tPLH 


6 

10 


5 



6 

14 

ns 

tPHL 


9 

14 


7 

■a 


7 

15 

ns 

j Test Conditions: C u = 125pF, R L = 667H (See Fig. A, page 2-174) | 

tPLH 


8 

16 


7 

15 


8 

16 

ns 

tPHL 


14 

20 


10 

18 


10 

20. 

ns 


Note: AC specification shown under -55°C and +125°C are for 9LS devices only. All 50pF specifications are for 9LS devices only. 
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Quadruple 2-Input Positive-OR Gate 


LS32 


PIN-OUT AND LOGIC DIAGRAM 


LS32 

QUADRUPLE 2-INPUT OR GATE 



3 4 5 positive logic: Y = A+B 

Die Size .053 x .053 


Recommended Operating Conditions 



9LS/54LS 

9LS/74LS 

Unit 

Min 

Nom 

Max 

Min 

Nom 

Max 

Supply voltage, Vcc 

4.5 

5 

5.5 

4.75 

5 

5.25 

V 

Normalized fan-out from each output, N 

High logic level 



20 



20 


Low logic level 



10 



20 

Operating free-air temperature, T A 

-55 


125 

0 


70 

°C 


Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted) 


Parameter 

Test Conditions* 

9LS/54LS 

9LS/74LS 

Unit 

Min 

Typ** 

Max 

Min 

Typ** 

Max 

V|H 


2 



2 



V 

Vil 




0.7 



0.8 

V 

V| 

V C c=MIN, l|=-18mA 



-1.5 



-1.5 

V 

V OH 

V C c=MIN, I O h=-400mA, Vm=0.7V 

2.5 

3.4 


2.7 

3.4 


V 

V<DL 

V CC =MIN, V|h=2V 

loi_ = 4mA 


0.25 

0.4 


0.25 

0.4 

V 

lQL = 8mA 





0.35 

0.5 

l| 

V CC =MAX, V|=7V 



0.1 



0.1 

mA 

IlH 

V C c = MAX, V ( =2.7V 



20 



20 

m a 

IlL 

V C c=MAX, V |=0.4V 



-0.4 



-0.4 

mA 

•os + 

v cc =max 

-15 


-100 

-15 


-100 

mA 

>CCH 

V CC =MAX, All inputs at 5V 


3.1 

6.2 


3.1 

6.2 

mA 

■CCL 

Vcc=MAX, All inputs at 0V 


4.9 

9.8 


4.9 

9.8 

mA 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

* * All typical values are at V cc = 5 V, T A = 25° C. 

+Not more than one output should be shorted at a time. 

Switching Characteristics, V cc = 5V Over Recommended Free-Air Temperature Range 


Parameter 

-55°C 

+25°C 

+ 125°C 

Unit 

Min | Typ | Max 

Min | Typ | Max 

Min | Typ | Max 

Test Conditions: C L = 15pF, R L = 2kft (See Fig. A, page 2-174) | 

tPLH 


7 

12 


7 

11 


9 

13 

ns 

tpHL 


7 

13 


7 

12 


9 

14 

ns 

Test Conditions: C L = 50pF, R L = 2kfi (See Fig. A, page 2-174) | 

t PLH 


9 

14 


8 

13 


10 

15 

ns 

tPHL 


11 

17 


10 

15 


12 

18 

ns 


Note: AC specification shown under -55°C and +125°C are for 9LS devices only. All 50pF specifications 
are for 9LS only. 
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LS33 LS38 


NOR, NAND Buffers With 
Open-Collector Outputs 


PIN-OUT AND LOGIC DIAGRAMS 


LS33 

QUADRUPLE 2-INPUT NOR BUFFER 



LS38 

QUADRUPLE 2-INPUT NAND BUFFER 

Vcc 4B 4A 4Y 3B 3A 3Y 



1A IB 1Y 2A 2B 2Y GND 


Die Size .045 x .052 positive logic: Y = AB 


Recommended Operating Conditions 



9LS/54LS 

9LS/74LS 

Unit 

U3K| 

12331 

Ujjjj 

TIM 



Supply voltage, Vcc (See Note 1) 

4.5 

5 

5.5 

4.75 

5 

5.25 

V 

High-level output voltage, Vqh 



5.5 



5.5 

V 

Low-level output current, Iql 



22 



22 

mA 

Operating free-air temperature, 

-55 


125 




°C 


NOTE 1 : Voltage values are with respect to network ground terminal. 


Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted) 


Parameter 

Test Conditions* 

9LS/54LS 

9LS/74LS 

Unit 

KTMj 

KB3H 

mzm 


EB 


V| H 


2 



2 



V 

V|L 




0.7 



0.8 

V 

v. 

Vcc = MIN, l,=-18mA 



-1.5 



-1.5 

V 

J OH 

V C c=MIN, V|L=V||_max 

V 0 h=5.5V 



250 



250 

mA 

V OL 

V CC =MIN, V, h =2V 

Iol = 1 2mA 


0.25 

0.4 


0.25 

0.4 

V 

l OL = 24mA 





0.35 

0.5 

V 

l| 

V C c=MAX, V|=7V 



0.1 



0.1 

mA 

1 1 H 

V CC =MAX, V|=2.7V 



20 



20 

HA 

IlL 

V CC =MAX, V|=0.4V 



-0.4 



-0.4 

mA 

! cch 

V C c=MAX, All inputs at 0V 

LS33 


1.8 

3.6 


1.8 

3.6 

mA 

LS38 


0.9 

2.0 


0.9 

2.0 

•CCL 

V CC =MAX, All inputs at 4.5V 

LS33 


6.9 

13.8 


6.9 

1.38 

mA 

LS38 


6.0 

12.0 


6.0 

12.0 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

**AH typical values are at V cc = 5V, Ta = 25°C. 


Range 


Note: AC specification shown 
under -55°C and +125°C 
are for 9LS devices only. 
All 50pF specifications 
are for 9LS devices only. 


Switching Characteristics, V cc == 5VOver Recommended Free-Air Temperature 


Parameter 

— 55°C 

+25°C 

+ 125°C 

Unit 


1 

1 

I 


Test Conditions: C L = 45pF, R u = 667fl (See Figure B, page 2-174) | 

tPLH 


mm 


B9 

17 

25 


mm 



tPHL 


mm 


mm 

9 

16 


mm 

17 

ns | 


tPLH 


Mr.JI 

mm 





mm 

El 

HSU 

tpHL 



36 


mm 



15 

E9 
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4-Line To 10-Line Decoders (1-of-10) 


LS42 LS43 LS44 


FEATURES 


PIN-OUT DIAGRAM 


■ All Outputs Are High for Invalid Input Conditions 

■ Also for Application as 

4-Line to 16-Line Decoders 
3-Line to 8-Line Decoders 


DESCRIPTION 

These monolithic decimal decoders consist of eight inverters 
and ten four-input NAND gates. The inverters are connected 
in pairs to make BCD input data available for decoding by 
the NAND gates. Full decoding of valid input logic ensures 
that all outputs remain off for all invalid input conditions. 

The LS42 BCD-to-decimal decoders, the LS43 excess-3-to- 
decimal decoders, and the LS44 excess-3-gray-to-decimal 
decoders feature inputs and outputs that are compatible for 
use with most TTL and other saturated low-level logic 
circuits. 

54LS circuits are characterized for operation over the full 
military temperature range of -55°C to 125°C; 74 LS 
circuits are characterized for operation from 0°C to 70°C. 



H = high level, L = low level 


LS42 

BCD-TO-DECIMAL DECODER 



Die Size .077 x .065 


LS43 

EXCESS-3-TO-DECIMAL DECODER 



Die Size .077 x .065 


LS44 

EXCESS-3-GRAY-TO-DECIMAL DECODER 



Die Size .077 x .065 
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LS42 LS43 LS44 


4-Line To 10-Line Decoders (l-of-10) 



4-Line To 10-Line Decoders (l-of-10) 


LS42 LS43 LS44 


Recommended Operating Conditions 



9LS/54LS 

9LS/74LS 

Unit 

Min 

Nom 

Max 

Min 

Nom 

Max 

Supply voltage, Vcc 

4.5 

5 

5.5 

4.75 

5 

5.25 

V 

High level output current, Iqh 



-400 



-400 

MA 

Low-level output current, Iql 



4 



8 

mA 

Operating free-air temperature, T/\ 

-55 ] 


125 

0 


70 

4 C 


Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted) 


Parameter 

Test Conditions* 

9LS/54LS 

9LS/74LS 

Unit 

Min 

Typ** 

Max 

Min 

Typ** 

Max 

V|H 


2 



2 



V 

V|L 




0.7 



0.8 

V 

V| 

V C c=MIN, l|=-1 8mA 



-1.5 



-1.5 

V 

X 

o 

> 

V C c=MIN, V|h=2V, 

V|L = V|L max IoH =- 400/uA 

2.5 

3.5 


2.7 

3.5 


V 

V OL 

V CC =MIN, V,h=2V, 

V|L = V|L max 

Iol = 4itiA 


0.25 

0.4 


0.25 

0.4 

V 

loL = 8mA 





0.35 

0.5 

l| 

V CC =MAX, V|=7V 



0.1 



0.1 

mA 

>IH 

V C c=MAX, V|=2.7V 



20 



20 

m a 

<IL 

V C c=MAX, V|=0.4V 



-0.4 



-0.4 

mA 

•os 1 " 

V C c=MAX 

-15 


-100 

-15 


-100 

mA 

•cc t' 1 ' 

V C c=MAX, 


7 

13 


7 

13 

mA 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

**AII typical values are at V cc = 5 V, = 25° C. 

tNot more than one output should be shorted at a time, 
ttlcc ' s measured with all outputs open and inputs grounded. 


Switching Characteristics, V cc = 5V Over Recommended Free-Air Temperature Range 


Parameter 

From 

To 

-55° C 

+25° C 


+ 125° 

C 

Units 


(Input) 

(Output) 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 


Teat Conditions: C u = 15pF, R 

= 2k a (See Fig. A, page 2-174) 







Vhl 

A,B,C or D 

Any output 

2 gate delay 


15 

26 


14 

25 


15 

26 

ns 

t PHL 

A,B,C or D 

Any Output 
3 gate delay 


17 

31 


17 

30 


18 

31 

ns 

Vlh 

A,B,C or D 

Any output 

2 gate delay 


11 

27 


10 

25 


11 

26 

ns 

t PLH 

A,B,C or D 

Any output 

3 gate delay 


22 

35 


17 

30 


20 

34 

ns 

Test Conditions: C L = 50pF, R t 

= 2kO (See Fig. A, page 2-174) 







t PHL 

A,B,C or D 

Any Output 
2 gate delay 


18 

32 


18 

31 


19 

33 

ns 

Vhl 

A,B,C or D 

Any Output 
3 gate delay 


21 

35 


22 

35 


23 

36 

ns 

t PHL 

A,B,C or D 

Any Output 
2 gate delay 


21 

33 


20 

32 


21 

33 

ns 

t PLH 

A,B,C or D 

Any Output 
3 gate delay 


29 

36 


25 

38 


28 

40 

ns 


Note: AC specification shown under -55 C and +125 C are for 9LS devices only. All 50pF specifications 
are for 9LS only. 
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AND-OR-Invert Gates 


LS51 LS54 LS55 












AND-OR-Invert Gates 


LS51 LS54 LS55 


Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted) 


Parameter 

Test Conditions* 

9LS/54LS 

9LS/74LS 

Unit 

Min 

Typ** 

Max 

Min 

Typ** 

Max 

V , H 


2 



2 



V 

V| L 




0.7 



0.8 

V 

V| 

V C c = IVIIN, l|=-18mA 



-1.5 



-1.5 

V 

VoH 

V CC =MIN, loH =_ 400jUA 

V iL =0.7V 

2.5 

3.4 


2.7 

3.4 


V 

VOL 

Vcc=MIN, V|h=2V 

loL = 4mA 


0.25 

0.4 


0.25 

0.4 

V 

1 QL=8m A 





0.35 

0.5 

ll 

V C c = MAX, V,=7V 



0.1 



0.1 

mA 

IlH 

V C c=MAX, V|=2.7V 



20 



20 

ma 

IlL 

V CC =MAX, V,=0.4V 



-0.4 



-0.4 

mA 

>os 

V C c = MAX 

-15 


-100 

-15 


-100 

mA 

•CCH 

V C c=MAX, See Note 1 

LS51 


0.8 

1.6 


0.8 

1.6 

mA 

LS54 


0.8 

1.6 


0.8 

1.6 

LS55 


0.4 

0.8 


0.4 

0.8 

•cCL 

V C c=MAX, See Note 2 

LS51 


1.4 

2.8 


1.4 

2.8 

mA 

LS54 


1.0 

2.0 


1.0 

2.0 

LS55 


0.7 

1.3 


0.7 

1.3 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

**AII typical values are at Vcc = 5V, = 25° C. 

tNot more than one output should be shorted at a time. 

NOTES: 

1 ■ ICCH ' s measured with all inputs grounded, and the outputs open. 

2. IcCL ' s measured with all inputs of one gate at 5V, the remaining inputs grounded, and the outputs open. 

Switching Characteristics, V cc = 5V Over Recommended Free-Air Temperature Range 


Parameter 

-55°C 

+25°C 

+ 125°C 

Unit 

Min | Typ | Max 

Min | Typ | Max 

Min | Typ | Max 

Test Conditions: C L = 15pF, R L = 2k ft (See Fig. A, page 2-174) | 

jtPLH 


8 

13 


8.0 

13 


8 

12 

ns 

tpHL 


12 

J 7 


8.0 

13 


9 

13 

ns 

Test Conditions: C L = 50pF, R L = 2kfi (See Fig. A, page 2-174) | 

tPLH 


13 

18 


12 

18 


13 

17 

ns 

tPHL 


15 

20 


12 

18 


13 

17 

ns 


Note: AC specification shown under -55°C and +125°C are for 9LS devices only. All 50pF specifications 
are for 9LS devices only. 
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LS73 LS76 Dual J-K Negative-Edge-Triggered 

LSI 07 LS1 12 LS1 13 Flip-Flops 


•Pin-for-Pin and functional equivalents to 5473, 5476, 54107, 54S112, 54S113 


DESCRIPTION 

These monolithic dual J-K flip-flops feature individual J, K, 
clock, and asynchronous preset and clear inputs to each 
flip-flop. The preset or clear inputs, when low, set or reset 
the outputs regardless of the levels at the other inputs. When 
preset and clear inputs are inactive (high), a high level at the 
clock input enables the J and K inputs and data will be ac- 
cepted. The logic levels at the J and K inputs may be allowed 
to change when the clock pulse is high and the bistable will 
perform according to the function table as long as minimum 
setup and hold times are observed. Input data is transferred 
to the outputs on the negative-going edge of the clock pulse. 


PIN-OUT DIAGRAMS 










Dual J-K Negative-Edge-Triggered 
Flip-Flops 


LSI 07 


LS73 
LS1 12 


LS76 
LS1 13 


LOGIC DIAGRAM (V 2 ) 




CLOCK 

PRESET 

CLEAR 

LS73 


X 

LS76 

X 

X 

LSI 07 


X 

LS1 12 

X 

X 

LS1 13 

X 



LS73, LSI 07 
FUNCTION TABLE 
(EACH FLIP-FLOP) 


INPUTS 

OUTPUTS 

CLEAR 

CLOCK 

J 

K 

0 

01 

L 

X 

X 

X 

L H 

H 

i 

L 

L 

Qo Qo 

H 


H 

L 

H L 

H 


L 

H 

L H 

H 


H 

H 

TOGGLE 

H 

H 

X 

X 

Qo Qo 


H high level (steady-state) 

L - low level (steady-state) 

X don't care 

I transition from high to low level 

Q 0 r the level of Q before the indicated steady-state input conditions were 
established. 

TOGGLE: Each output changes to the complement of its previous level on 
each i clock transition. 


LS1 13 

FUNCTION TABLE 
(EACH FLIP-FLOP) 


r~ INPUTS “1 

1 OUTPUTS 1 

PRESET 

CLOCK 

J 

K 

Q 

Q 

L 

X 

X 

X 

H 

L 

H 

4 

L 

L 

Q 0 

Q 0 

H 

4 

H 

L 

H 

L 

H 

4 

L 

H 

L 

H 

H 

4 

H 

H 

TOGGLE 

H 

H 

X 

X 

| Q 0 

Q o 1 


H high level (steady-state) 

L - low level (steady-state) 

X -- don't care 

i transition from high to low level 
Qq the level of Q before the indicated steady-state 
input conditions were established. 

TOGGLE: Each output changes to the complement 
of its previous level on each 4 clock 
transition. 


LS76,LS112 
FUNCTION TABLE 
(EACH FLIP-FLOP) 


INPUTS i 

OUTPUTS 

PRESET 

CLEAR 

CLOCK 

J 

K 

Q 

Q 

L 

H 

X 

X 

X 

H 

L 

H 

L 

X 

X 

X 

L 

H 

L 

L 

X 

X 

X 

H* 

H* 

H 

H 

4 

L 

L 

°0 

°0 

H 

H 

4 

H 

L 

H 

L 

H 

H 


L 

H 

L 

H 

H 

H 

4 

H 

H 

TOGGLE 

H 

H 

H 

X 

X 

Qo 

Qo 


H high level (steady-state) 

L - low level (steady-state) 

X - don't care 

l - transition from high to low level 

Q 0 - the level of Q before the indicated steady-state input conditions were 
established. 

TOGGLE: Each output changes to the complement of its previous level on 
each | clock transition. 

*This configuration is nonstable; that is, it will not persist when preset and 
clear inputs return to their inactive (high) level. 
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LS73 LS76 

LSI 07 LS1 13 LS112 


Dual J-K Negative-Edge-Triggered 

Flip-Flops 


Recommended Operating Conditions 



9LS/54LS 

9LS/74LS 

Unit 

TTfflU 



MM 

mi 

E5EH 

Supply voltage, Vqc 

4.5 

5 

5.5 

4.75 

5 

5.25 

V 

Normalized fan-out from each output, N 

High logic level 



20 



20 


Low logic level 



10 



20 


Clock frequency, f C iock 

0 


35 

0 


35 

MHz 

Width of clock pulse, tw( c \ock) (High) 

15 



15 



ns 

Width of preset pulse, t w ( preset ) (Low) 

15 



15 



ns 

Width of clear pulse, t w ( c | ear ) (Low) 

15 



15 



ns 

Input setup time, t setup 

15 



15 



ns 

Input hold time, thold 

0 



0 



ns 

Operating free-air temperature, Ta 

-55 


125 

o 

0 

70 

°C 


t setup i s minimum time required for the correct logic level to be present at the J or K input prior to the falling edge of the clock in order 
to be recognized and transferred to the outputs. 

thold is the minimum time required for the logic level to be maintained at the J or K input after the falling edge of the clock in order to 
insure recognition. These devices require no hold time. 


Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted) 


Parameter 

Test Conditions* 

9LS/54LS 

9LS/74LS 

Unit 

Min 

ftfijUfl 

Max 


era 

mmm 

V| H 


2 



2 



V 

V| L 




0.7 



0.8 

V 

V| 

V CC =MIN, l|=- 1 8mA 



-1.5 



-1.5 

V 

VoH 

V CC =MIN, V, h =2V, 

V|L = V|Liriax, loH = "400/iA 

2.5 

3.4 


2.7 

3.4 


V 

VOL 

Vcc = MIN, V|h=2V, 

V|L=V|Lmax 

. loi_ = 4mA 


0.25 

0.4 


0.25 

0.4 

V 

IOL = 8mA 





0.35 

0.50 

ii 

J or K 




0.1 



0.1 

mA 

Clock 

Vcc=MAX, V|=7V 



0.4 



0.4 

Preset or Clear 




0.3 



0.3 

IlH 

J or K 




20 



20 

jiiA 

Clock 

V C c=MAX, V|=2.7V 



80 



80 

Preset or Clear 




60 



60 

«IL 

J or K 




-0.4 



-0.4 

mA 

Clock 

V C c=MAX, V|=0.4V 



-0.8 



-0.8 

Preset or Clear 




-0.8 



-0.8 

lost 

Vcc^MAX 

-15 


-100 

-15 


-100 

mA 

•cctt 

V cc =MAX, See Note 1 


4 

8 


4 

8 

mA 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

**AII typical values are at \Zqc = 5 V, Ta = 25° C. 
tNot more than one output should be shorted at a time. 

tt Ice is measured with outputs open, with clock, J, K, and clear grounded and preset at 4.5V; then with clock, J, K, and preset grounded 
and clear at 4.5V. 
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Dual J-K Negative-Edge-Triggered 
Flip-Flops 


LSI 07 


LS73 
LS1 12 


LS76 
LS1 13 


Switching Characteristics, V cc = 5VOver Recommended Free-Air Temperature Range 


Parameter 

— 55°C 

+25°C 

+ 125°C 

Unit 

Min | Typ | Max 

Min | Typ | Max 

Min | Typ | Max 

Test Conditions: C L = 15pF, R L = 2kH (See Fig. A, page 2-174) | 

^max 




35 

50 





MHz 

tpLH CLR,PR 


i 8 

12 


8 

12 


11 

15 

ns 

tpHL CLR,PR 


14 

19 


11 

17 


13 

18 

ns 

t PLH CK 


8 

12 


8 

12 


10 

14 

ns 

tpHL CK 


13 

18 


11 

16 


11 

16 

ns 

Test Conditions: C L = 50pF, R L = 2kO (See Fig. A, page 2-174) | 

fmax 










MHz 

tpLH CLR,PR 


10 

14 


10 

15 


13 

17 

ns 

tpHL CLR,PR 


19 

24 


17 

22 


18 

23 

ns 

tpLH CK 


10 

14 


10 

14 


14 

18 

ns 

tpHL CK 


18 

23 


15 

20 


15 

20 

ns 


Note: AC specification shown under -55°C and +125°C are for 9LS devices only. All 50pF specifications 
are for 9LS only. 
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Dual D-Type Positive-Edge-Triggered 

Flip-Flop 


DESCRIPTION 

This monolithic dual edge-triggered D-type flip-flop features 
individual D, clock, preset, and clear inputs. 

Preset and clear inputs are active-low and operate indepen- 
dently of the clock input. When preset and clear are inactive 
(high), information at the D input is transferred to the Q 
output on the positive-going edge of the clock pulse. Clock 
triggering occurs at a voltage level of the clock pulse and is 
not directly related to the transition time of the positive- 
going pulse. When the clock input is at either the high or 
low level, the D-input signal has no effect at the output. 


LOGIC DIAGRAM (Va) 


PIN-OUT DIAGRAM 



mm 




FUNCTION TABLE 
(EACH FLIP-FLOP) 


INPUTS ! 

OUTP 

UTS 

PRESET 

CLEAR 

CLOCK 

D 

Q 

Q 

L 

H 

X 

X 

H 

L 

H 

L 

X 

X 

L 

H 

L 

L 

X 

X 

H* 

H* 

H 

H 

t 

H 

H 

L 

H 

H 

t 

L 

L 

H 

H 

H 

L 

X 

°o 

°0 


H = high level (steady state) 

L - low level (steady state) 

X = don't care 

t = transition from low to high level 

Q 0 = the level of Q before the indicated steady-state input conditions were 
established. 

This configuration is nonstable; that is, it will not persist when preset and 
clear inputs return to their inactive (high) level. 


Recommended Operating Conditions 



Supply voltage, Vcc 


Normalized fan-out from each output, N 

High logic level 
Low logic level 

Clock frequency, f c | OC k 



Width of clock pulse, tyyfciock) (High) 
Width of preset pulse, t w (p rese t) (Low) 


Width of clear pulse, t w ( c | ear ) (Low) 

Input setup time, t se t U p 

Input hold time, th Q id 

Operating free-air temperature, Ta 


High-level data 
Low-level data 



t se tup * s the minimum time required for the correct logic level to be present at the D input prior to the rising edge of the clock in order to 
be recognized and transferred to the outputs. 

thold > s the minimum time required for the logic level to be maintained at the D input after the rising edge of the clock in order to insure 
recognition. This device requires no hold time. 









Dual D-Type Positive-Edge-Triggered 
Flip-Flop 


LS74 


Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted) 


Parameter 

Test Conditions* 

9LS/54LS 

9LS/74LS 

Unit 

ESDI 

cna 

Km 


era 

MJirm 






2 



V 





0.7 



0.8 

V 


V C c=MIN, l,=-1 8mA 







V 


V C c=MIN, V ih =2V, 

v IL = V|Lmax Iqh^^OO^A 


3.4 


a 

□ 


1 


V C c=MIN, V|h=2V, 

V|i_=V|Lmax 

l0L =4mA 


0.25 


mm 



D 

IOL = 8mA 





EE3 


■ 





0.1 



0.1 

mA 

Clock or preset 

V C c=MAX, V|=5.5V 



0.2 




Clear 




0.3 




Q 

D input 










V C c=MAX, V|=2.7V 



40 




Clear 




60 



■ 

■ 

D input 










V C c=MAX, V,=0.4V 







Clear 




-1.2 



-1.2 

•ost 

V C c=MAX 

-15 


-100 

-15 


-100 

mA 

Icctt 

V C c=MAX, 


4 

8 


4 

8 

mA 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

* * All typical values are at Vcc = 5 V, = 25° C. 
tNot more than one output should be shorted at a time. 

tt ICC ' s measured with outputs open with D, clock, and preset grounded; then with D, clock, and clear grounded. 


Switching Characteristics, V cc = 5V Over Recommended Free-Air Temperature Range 


Parameter 

From 

To 

-55° C 

+25°C 

+125°C 

Units 



(Input) 

(Output) 

Min. 


Max. 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 


Test Conditions: C L = 15pF, R l 

= 2kf2 (See Figure A, page 2-1 74) 






^max 

maximum 

clock 

frequency 




30 

45 





MHz 

*plh 

set or clear 

Q or Q 


■a 

■a 


10 

15 


16 

23 

ns 

t PHL 

CK Low 

set or clear 

Q or Q 



El 


18 

24 


21 

28 

ns 

CK High 

set or clear 

Q or Q 


El 

|^| 


26 

35 


27 

38 

t PHL 

clock 

Q or Q 


■a 

20 


12 

18 


13 

20 

ns 

l PHL 

clock 

Q or Q 


17 

27 


14 

22 


15 

24 

ns 

Test Conditions: C[_ = 50pF, R[_ 

= 2kfl (See Figure A, page 2-174) 






t PLH 




16 

22 


13 

19 


19 

26 

ns 

t PHL 

CK Low 

set or clear 

Q or Q 


26 

33 


21 

27 


24 

31 

ns 

CK High 

set or clear 

Q or Q 


33 

44 


29 

38 


30 

41 


t PLH 

clock 

Q or Q 


17 

24 


15 

22 


16 

25 

ns 

t PHL 

clock 

Q or Q 


22 

31 


18 

26 


19 

28 

ns 


Note: AC specification shown under -55°C and +1 25°C are for 9LS devices only. All 50pF specifications 


are for 9LS only. 
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LS75 LS77 


4-Bit Bistable Latches 


DESCRIPTION 

These latches are ideally suited for use as temporary 
storage for binary information between processing units 
and input/output or indicator units. Information present 
at a data (D) input is transferred to the Q output when the 
enable (G) is high and the Q output will follow the data 
input as long as the enable remains high. When the enable 
goes low, the information (that was present at the data in- 
put at the time the transition occurred) is retained at the 
Q output until the enable is permitted to go high. 

The LS75 feature complementary Q and Q outputs from a 
4-bit latch, and is available in various 16-pin packages. For 
higher component density applications, the 'LS77 4-bit 
latch is available in 14-pin flat packages. 





FUNCTIONAL BLOCK DIAGRAMS (each latch) 



These circuits are completely compatible with all popular 
TTL or DTL families. All inputs are diode-clamped to 
minimize transmission-line effects and simplify system 
design. 

FUNCTION TABLE 
(Each Latch) 


INPUTS 

OUTPUTS 

D G 

L H 

H H 

X L 

Q Q 

L H 

H L 

Qq Qq 


H = high level, L = low level, X = Irrelevent 

Qn = the level of Q before the high-to-low transition of G 













4-Bit Bistable Latches 


LS75 LS77 


Recommended Operating Conditions 



9LS/54LS 

9LS/74LS 

Unit 

MIN 

NOM 

MAX 

MIN 

NOM 

MAX 

Supply voltage, Vqq 

4.5 

5 

5.5 

4.75 

5 

5.25 

V 

High-level output current, Iqh 



-400 



-400 

mA 

Low-level output current, Iql 



4 



8 

mA 

Width of enabling pulse, t w 

20 



20 



ns 

Setup time, t su 

20 



20 



ns 

Hold time, t^ 

0 



0 



ns 

Operating free-air temperature, 

-55 


125 

0 


70 

°C 


Electrical Characteristics Over Recommended Operating Free-Air Temperature Range 
(Unless Otherwise Noted) 


PARAMETER 

TEST CONDITIONSt 

9LS/54LS 

9LS/74LS 

Unit 

MIN 

TYP$ 

MAX 

MIN 

TYP$ 

MAX 

V|[_| High-level input voltage 


2 



2 



V 

V|[_ Low-level input voltage 




0.7 



0.8 

V 

V||£ Input clamp voltage 

V CC =MIN, 1 |=-8mA 



-1.5 



-1.5 

V 

Vqh High-level output voltage 

V CC =MIN, V|h~2 V, 

V | l^^ 1 L rnax,loH =-4 40 mA 

2.5 

3.5 


2.7 

3.5 


V 

Vql Low-level output voltage 

V CC =MIN, V|h=2V, 

V| l = V| l max 

■OL = 4 rnA 


0.25 

0.4 


0.25 

0.4 

V 

■OL = ^ m A 





0.35 

0.5 

Input current at 

l| 

maximum input voltage 

V CC =MAX, V|=7 V 

D input 



0.1 



0.1 

mA 

G input 



0.4 



0.4 

l|H High-level input current 

V CC =MAX, V|=2.7 V 

D input 



20 



20 

JJL A 

G input 



80 



80 

l|L Low-level input current 

V CC ~MAX, V (=0.4 V 

D input 



-0.4 



-0.4 

mA 

G input 



-1.6 



-1.6 

Short-circuit 

■os 

output current^ 

V CC =MAX 

-15 


-100 

-15 


-100 

mA 

IqC Supply current 

V C c=MAX, See Note 1 

'LS75 


6.3 

12 


6.3 

12 

mA 

'LS77 


6.9 

_13_J 





+ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
t All typical values are at Vqc = 5 V, T/\ = 25°C. 

§ Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 
NOTE 1 : Iqq is tested with all input grounded and all outputs open. 
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LS75 LS77 


4-Bit Bistable Latches 


Switching Characteristics V cc = 5.0V Over Recommended Free-Air Temperature Range. 





9LS/54LS75 


Parameter 

From 

To 

-55° C 

+25° C 

+125°C 

Unit 


(Input) 

(Output) 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 


Test Condition: C L = 15pF, R L = 2.0k (See Fig. A, page 2-174 and Fig. 1, page 2-32) 

tPLH 

D 

Q 


18 

31 


15 

27 


18 

31 

ns 

tPLH 



12 

16 


9 

17 


12 

16 

tPHL 


Q 


15 

19 


12 

20 


15 

19 

ns 

tPHL 



10 

14 


7 

15 


10 

14 

tPLH 




18 

22 


15 

27 


18 

22 

ns 

tPHL 




17 

21 


14 

25 


17 

21 

tPLH 

G 

Q 


19 

23 


16 

30 


19 

23 


tPHL 



10 

14 


7 

15 


10 

14 


Test Condition 

: C L = 50pF, R l = 2.0k (See Fig. A, page 2-174 and Fig. 1, page 2-32) 




tPLH 




22 

37 


19 

33 


22 

37 

ns 

tPHL 




16 

22 


13 

18 


16 

22 

tPLH 

D 

Q 


19 

25 


16 

21 


19 

25 

ns 

tPHL 




14 

20 


11 

16 


14 

20 

tPLH 

G 

Q 


22 

28 


19 

24, 


22 

28 

ns 

tPHL 



21 

27 


18 

23 


21 

27 

tPLH 

G 

Q 


23 

29 


20 

25 


23 

29 

ns 

tPHL 




14 

20 


11 

16 


14 

20 


Note: AC specification shown under -55°C and +125°C are for 9LS devices only. All 50pF specifications are for 9LS devices only. 


Switching Characteristics V cc = 5.0V Over Recommended Free-Air Temperature Range. 


Parameter 

From 

(Input) 

To 

(Output) 

■-* 9LS/54LS77 | 

Unit 

-55° C 

+25° C 

+125°C 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Test Conditions: C L = 15pF, R L = 2.0k (See Fig. A, page 2-174 and Fig. 1 page 2-32) 

t PLH 

D 

Q 


15 

24 


11 

19 


14 

23 

ns 

tPHL 


12 

20 


9 

17 


12 

20 

tPLH 

G 

Q 


13 

21 


10 

18 


13 

21 

ns 

tPHL 


13 

21 


10 

18 


13 

21 

Test Conditions: C L = 50pF, R L = 2.0k (See Fig. A, page 2-174 and Fig. 1, page 2-32) 


tPLH 

D 

Q 


17 

28 


15 

24 


18 

28 

ns 

tPHL 


16 

26 


13 

22 


17 

26 

t PLH 

G 

Q 


17 

27 


14 

23 


18 

27 

ns 

t PHL 


17 

27 


14 

23 


18 

27 


Note: AC specification shown under -55°C and +125°C are for 9LS devices only. All 50pF specifications are for 9LS devices only. 
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4-Bit Bistable Latches 


LS75 LS77 


PARAMETER MEASUREMENT INFORMATION 

INPUTS OUTPUTS 

D G Vcc Q Q 



TEST CIRCUIT 



3V 


OV 

3V 

OV 

VOH 


Vol 

VOH 


VOL 


VOLTAGE WAVEFORMS 


FIGURE 1. 


NOTES: 


A. The pulse generators have the following characteristics: Z out » 50 ft; for pulse generator A, PRR<500 kHz; for pulse 
generator B, PRR<1 MHz. Positions of D and G input pulses are varied with respect to each other to verify setup times. 

B. C[_ includes probe and jig capacitance. 

C. All diodes are 1N3064. 

D. When measuring propagation delay times from the D input, the corresponding G input must be held high. 

E. V ref = 1.3 V. 

t Complementary Q outputs are on the 'LS75 only. 
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Dual J-K Negative-Edge-Triggered 

Flip-Flops 


LS78 LS1 14 


DESCRIPTION 

These monolithic dual J-K edge-triggered flip-flops feature 
individual J, K, and preset inputs plus common clock and 
common clear inputs. The preset or clear inputs, when low, 
set or reset the outputs regardless of the levels at the other 
inputs. When preset and clear inputs are inactive (high), a 
high level at the clock input enables the J and K inputs and 
data will be accepted. The logic levels at the J and K inputs 
may be allowed to change when the clock pulse is high and 
the bistable will perform according to the function table as 
long as minimum setup and hold times are observed. Input 
data is transferred to the outputs on the negative-going edge 
of the clock pulse. 

LOGIC DIAGRAM (Va) 


FUNCTION TABLE 
(EACH FLIP-FLOP) 



INPUTS 1 

OUTPUTS 

PRESET 

CLEAR CLOCK 

J 

K 

Q 

Q 

L 

H 

X 

X 

X 

H 

L 

H 

L 

X 

X 

X 

L 

H 

L 

L 

X 

X 

X 

H* 

H* 

H 

H 

♦ 

L 

L 

°0 

Qo 

H 

H 


H 

L 

H 

L 

H 

H 

♦ 

L 

H 

L 

H 

H 

H 

♦ 

H 

H 

TOGGLE 

H 

H 

H 

X 

X 

Qo 

Oo 


H = high level (steady state) 

L = low level (steady state) 

X = don't care 

1 = transition from high to low level 

Q 0 = the level of Q before the indicated steady-state input conditions were 
established. 

TOGGLE: Each output changes to the complement of its previous level 
on each j dock transition. 

"This configuration is nonstable; that is, it will not persist when preset 
and clear inputs return to their inactive (high) level. 


PIN-OUT DIAGRAMS 



Recommended Operating Conditions 



9LS/54LS 

9LS/74LS 

Unit 

WTJTM 

I2J3I 


Km 



Supply voltage, N/qc 


5 

5.5 

4.75 

5 

5.25 

V 

Normalized fan-out from each output, N 




20 



Hi 





10 




Clock frequency, f C | 0 ck 

0 



0 


K23 

fESSS 

Width of clock pulse, t w ( c | OC |<) (High) 

■a 



■a 



o 

Width of preset pulse, t w ( preset ) (Low) 

■a 



mm 




Width of clear pulse, t w ( C | ear ) (Low) 

■a 



■a 



31 

Input setup time, t se tup 

mm 



■a 



mem 


0 



0 



ns 

Operating free-air temperature, Ta 1 

-55 


125 

0 


70 

°C 


tsetup is the minimum time required for the correct logic level to be present at the J or K input prior to the falling edge of the clock in order 
to be recognized and transferred to the outputs. 


thold is minimum time required for the logic level to be maintained at the J or K input after the falling edge of the clock in order to 
insure recognition. These devices require no hold time. 
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LS78 LS1 14 


Dual J-K Negative-Edge-Triggered 

Flip-Flops 


Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted) 


Parameter 

Test Conditions* 

9LS/54LS 

9LS/74LS 

Unit 




MM 

wnm 

g:rv 

Bmmm 


WKM 



2 



V 

mammmm 




0.7 




V 


V CC =MIN, l,=~18mA 



-1.5 



BQ 

MM 


V C c=MIN, V| H =2V, 

Vcc = V|L max / loH = “400/iA 


B 


B 



V 


V C c=MIN, V| H =2V, 

V|L = V||_ma x 

loL=4mA 


■ifcH 

■•Ql 



0.4 

B 

l 0 L-8mA 






0.5 

ii 

J or K 

V C c=MAX, V|=7V 



0.1 



0.1 

mA 

Preset 



0.3 



0.3 

Clear 



0.6 



0.6 

Clock 



0.8 



0.8 

IlH 

Jor K 

Vcc=MAX, V,=2.7V 



20 



20 

ma 

Preset 



60 



60 

Clear 



120 



120 

Clock 



160 



160 

IlL 

Jor K 

V C c=MAX, V|=0.4V 



-0.4 



-0.4 

mA 

Preset 



-0.8 



-0.8 

Clear 



-1.6 



-1.6 

Clock 



*1.6 



-1.6 

•os 1. 

V C c=MAX 

-15 


-100 

-15 


-100 

mA 

•cctt ; 

V C c=MAX, 


4 

8 


4 

8 

mA 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

* * All typical values are at Vqc = 5 V, Ta~ 25° C. 
tNot more than one output should be shorted at a time. 

tt Ice ,s measured with outputs open, with clock, J, K, and clear grounded and preset at 4.5V; then with clock, J, K, and preset grounded 
and clear at 4.5V. 


Switching Characteristics, V cc = 5VOver Recommended Free-Air Temperature Range 


Parameter 

From 

To 

-55° C 

+25° C 

+125°C 

Units 


(Input) 

(Output) 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 


Test Conditions: Cj_ = 15pF, R 

L = 2kn (See Figure A, page 2-1 74) 






^max 

maximum clock 
frequency 




35 

50 





MHz 

t PLH 

clear or 

Q or Q 


8 

12 


8 

12 


11 

15 

ns 

Vhl 

preset 


15 

19 


13 

17 


13 

17 

ns 

^LH 

clock 

Q or Q 


8 

12 


8 

12 


11 

15 

ns 

t PHL 


14 

19 


13 

18 


13 

18 

ns 

| Test Conditions: C L = 50pF, R 

l_ = 2kSl (See Figure A, page 2-1 74) 






t PLH 

clear or 

Q or Q 


10 

14 


10 

14 


13 

17 

ns 

t PHL 

preset 


19 

24 


16 

21 


16 

21 

ns 

Vlh 

clock 



Q or Q 


9 

14 


10 

14 


13 

18 

ns 

Vhl 


19 

24 


17 

21 


17 

22 

ns 


Note: AC specification shown under -55°C and +125°C are for 9LS devices only. All 50pF specifications 
are for 9LS only. 
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4-Bit Binary Full Adders With Fast Carry 


LS83A LS283 


DESCRIPTION 

These improved full adders perform the addition of two 
4-bit binary numbers. The sum (X) outputs are provided for 
each bit^nd the resultant carry (C4) is obtained from the 
fourth bit. These adders feature full internal look ahead 
across all four bits generating the carry term in ten nano- 
seconds typically. This provides the system designer with 
partial look-ahead performance at the economy and re- 
duced package count of a ripple-carry implementation. 

The adder logic, including the carry, is implemented in its 
true form meaning that the end-around carry can be accom- 
plished without the need for logic or level inversion. 

The LS83A and the LS283 are identical in performance; 
only the pin out is different. They are designed to replace 
the 5483A and the 54283 respectively. The LS283 is 
recommended for new designs, Vcc and ground on corner 
pins simplify board layout. 


PIN-OUT DIAGRAMS 


12 11 10 9 8 LS83A 



15 16 1 2 Vcc 

Die Size .062 x .068 



Die Size .062 x .068 


FUNCTION TABLE 



LOGIC DIAGRAM 



H = high level, L = low level 
NOTE: 

Input conditons at A1, B1, A2, B2, and CO are used to de- 
termine outputs Si and S2 and the value of the internal 
carry C2. The values at C2, A2, B3, A4, and B4 are then 
used to determine outputs S3, S4, and C4. 


^AVTHEOlTjjl 
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LS83A LS283 


4-Bit Binary Full Adders With Fast Carry 


Recommended Operating Conditions 



Any A or B 

1 CO 

Vcc^MAX, 

1H 

Any A or B 

CO 

V CC =MAX, 

IL 

Any A or B 

CO 

V CC =MAX, 

OS 1- 

V CC =MAX 

CC 

V CC =MAX, 
Outputs open 



0.2 


0.2 


0.1 


0.1 


40 


40 


20 


20 


-0.8 


-0.8 


-0.4 


-0.4 


-100 

-15 

-100 

22 

39 

22 

39 

19 

34 

19 

34 

19 

34 

19 

34 


V,=2.7V 


__ All inputs grounded 22 39 22 39 

| cc cc All B low, other inputs at 4.5V 19 34 19 34 mA 

Outputs open [^li inputs at 4.SV I | 19 | 34 | | 19 | "34 j 

*For conditions shown as MIN or MAX,' use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

* All typical values are at Vcc = 5 V, = 25° C. 

tNot more than one output should be shorted at a time. 

Switching Characteristics, V cc = 5V Over Recommended Free-Air Temperature Range 

I From To ~ 5 5°C +25°C +125°C 

Parameter (input) (output) Min | Typ | Max Min | Typ | Max Min | Typ | Max n 

Test Conditions: C L = 15pF, R L = 2kO (See Fig. A, page 2-174) 

t PLH rn . /y 15 20 14 19 15 21 

tp H L V 15 21 16 22 20 27 

t PLH „ „ ^ 20 30 18 24 21 27 

tpHL A' °r Bj S i ig 2g 15 24 17 25 

tp LH 9 14 7 12 1J 18^ 

tpHL 9 14 9 13 11 16 

t pi h . 9 15 8 13 11 17 

tpHL 10 14 9 14 11 16 

Test Conditions: C L = 50pF, R L = 2kO (See Fig. A, page 2-174) 

*PLH 1 ~ Any2 | 16 21 I 15 | 20 I 17 p T 

tppiL LU A V A 19 25 19 25 25 30 

tpi_H . ^ 25 32 18 26 25 32 

tpHL AjOrB, 2i 24 3Q 1g 26 25 31 

tpLH ™ 11 16 10 15 12 19 

tpHL 12 17 10 T6 13 18 

tpLH A fy m 11 17 10 15 13 19 

tpHL AjOrBj ^ C4 13 18 ~12 16 | 14 | 20 

NOTE: AC specification shown under -55 C and +125 C are for 9LS devices only. All 50pF specifications are for 9LS only. 


2kO (See Fig. A, page 2-174) 

Any? k I" 



16 

21 


15 

20 


-“T7“ 

~7T 

1 


19 

25 


19 

25 


25 

30 

II 


25 

32 


18 

26 


25 

32 

J 


24 

30 


18 

26 


25 

31 



11 

16 


10 

15 


12 

19 



12 

17 


10 

16 


13 

18 



11 

17 


10 

15 


13 

19 



uJ3_ 

18 


12 

16 


14 

20 


















LS85 


4-Bit Magnitude Comparators 


DESCRIPTION PIN-OUT AND LOGIC DIAGRAM 

These four-bit magnitude comparators perform comparison 
of straight binary and straight BCD (8-4-2-1) codes. Three 
fully decoded decisions about two 4-bit words (A,B) are 
made and are externally available at three outputs. These 
devices are fully expandable to any number of bits without 
external gates. Words of greater length may be compared by 
connecting comparators in cascade. The A > B, A < B, and 
A = B outputs of a stage handling less-significant bits are 
connected to the corresponding A > B, A < B, and A =B 
inputs of the next stage handling more-significant bits. The 
stage handling the least-significant bits must have a high- 
level voltage applied to the A = B input. The cascading paths 
of the '85, and 'LS85 are implemented with only a two-gate- 
level delay to reduce overall comparison times for long 
words. An alternate method of cascading which further 
reduces the comparison time is shown in the typical 
application data. 


6 5 4 3 


LS85 


DATA INPUTS 



cc A3 B 2 A2 A1 B1 AO BO 

|^ HytwlIi3lEp0pEp[ a] 


A3 

B2 

A2 

A1 B1 AO 

B3 



BO 

A<B 

A=B 

A>BA>BA=BA>B| 

IN 

IN 

IN 

OUT OUT 0UT| 


11 12 13 


Die Size .066 x .073 


DATA A<BA-BA>BA>BA=BA<BGI\ID 
INPUTS N v / ' v ' 

CASCADE INPUTS OUTPUTS 


FUNCTION TABLES 


COMPARING 

INPUTS 

CASCADING 

INPUTS 

OUTPUTS 

A3, B3 

A2,B2 

A1, Bl 

AO, BO 

A>B 

A<B 

A=B 

A>B 

A<B 

A=B 

A3>B3 

X 

X 

X 

X 

x 

X 

H 

L 

L 

A3<B3 

X 

X 

X 

X 

X 

X 

L 

H 

L 

A3 = B3 

A2>B2 

X 

X 

X 

X 

X 

H 

L 

L 

A3 = B3 

A2<B2 

X 

X 

X 

X 

X 

L 

H 

L 

A3 = B2 

A2 = B2 

A1>B1 

X 

X 

X 

X 

H 

L 

L 

A3 = B3 

A2 = B2 

A1<B1 

X 

X 

X 

X 

L 

H 

L 

A3 = B3 

A2 = B2 

A1 = Bl 

A0>B0 

X 

X 

X 

H 

L 

L 

A3 = B3 

A2 = B2 

A1 = Bl 

A0<B0 

X 

X 

X 

L 

H 

L 

A3 = B3 

A2 = B2 

A1 = Bl 

AO = BO 

H 

L 

L 

H 

L 

L 

A3 = B3 

A2 = B2 

A1 = Bl 

AO = BO 

L 

H 

L 

L 

H 

L 

A3 = B3 

A2 = B2 

AT = Bl 

A0 = BO 

L 

L 

H 

L 

L 

H 

A3 = B3 

A2 = B2 

A1 = Bl 

A0 = BO 

X 

X 

H 

l : 

L 

H 

A3 = B3 

A2 = B2 

A1 = Bl 

A0 = BO 

H 

H 

L 

L 

L 

L 

A3 = B3 

A2= B2 

A1 = Bl 

A0 = BO 

L 

L 

L 

H 

H 

L 


H = high level; L = low level, X = irrelevant 
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4-Bit Magnitude Comparators 


LS85 


LOGIC DIAGRAM 
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LS85 


4-Bit Magnitude Comparators 


Recommended Operating Conditions 



9LS/54LS 

9LS/74LS 

Unit 


12231 

32231 

UEHI 


KJSJj 

Supply voltage, Vqc 

4.5 

5 

5.5 

4.75 

5 

5.25 

V 

High-level output current, Iqh 



-400 



-400 

juA 

Low-level output current, Iol 



4 



8 

mA 

Operating free-air temperature, 

-55 


125 

0 


70 

°C 


Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted) 


Parameter 

Test Conditions* 

9LS/54LS 

9LS/74LS 

Unit 

Min 

Typ** 

Max 

Min 

Typ** 

Max 

V|H 


2 



2 

■*- 


V 

VlL 




0.7 



0.8 

V 

V| 

V CC =MIN, l,=- 1 8mA 



-1.5 



-1.5 

V 

VoH 

V C c=MIN, V IH =2V, 

V| L =V|Lmax, loH =- 400jUA 

2.5 

3.4 


2.7 

3.4 


V 

V OL 

v cc =min, V|h=2V, 

V|L=V|Lmax 

l0L = 4mA 


0.25 

0.4 


0.25 

0.4 

V 

loL = 8mA 





0.35 

0.5 

»l 

A<B, A>B inputs 

V C c=MAX, Vj=7V 



0.1 



0.1 

mA 

all other inputs 



0.3 



0.3 

«IH 

A<B, A>B inputs 

V C c=MAX, V|=2.7V 



20 



20 

juA 

all other inputs 



60 



60 

»IL 

A<B, A>B inputs 
all other inputs 

V C c=MAX, V|=0.4V 



-0.4 



-0.4 

mA 



-1.2 



-1.2 

ios f 

V C c=MAX 

-15 


-100 

-15 


-100 

mA 

1 cctt 

V C c=MAX, 


10.4 

20 


10.4 

20 

mA 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

** All typical values are at Vqc = 5V, = 25° C. 

tNot more than one output should be shorted at a time, 
tflcc ' s measured with outputs open, A = B grounded, and all other inputs at 4.5V. 
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4-Bit Magnitude Comparators 


LS85 


Switching Characteristics, V cc = 5V Over Recommended Free-Air Temperature Range 


Parameter (j n pul 
Test Conditions: C L 


To 

(output) 


tpui; 1 Levels | Min | Typ 
2k ft (See Fig. A, page 2-174) 


Typ Max Min Typ Ma: 


Any A or B 
data input 


A<B, A>B 


Any A or B A< 

tpu I 

data input 

tpm A<B or A = B > 

tpHL A<B or A = B > 

tpLH A = B . 

t PHL A = B 

tpLH A>B or A = B t 

^PHL A>B or A = B > 

Test Conditions: C L = 50pF, R L = 


2kfl (See Fig. A, page 2-174) 


Note: AC specification shown under -55 C and +125 C are for 9LS devices only. All 50pF specifications 
are for 9LS only. 






1 


20 



18 



20 



Any A or B 

A<B, A>B 

2 


26 



25 



26 


t PLH 

data input 


3 


29 

42 


28 

40 


29 

42 



A = B 

4 


30 

48 


32 

48 


32 

48 




1 


15 



14 -1 



15 



Any A or B 

A<B, A>B 

2 


18 



18 



18 


t PHL 

data input 


3 


26 

36 


26 

36 


26 

36 



A - B 

4 


38 

50 


36 

48 


37 

49 

tpLH 

A<B or A = B 

A > B 

1 


17 

28 


17 

27 


18 

30 

tpHL 

A<B or A = B 

A > B 

1 


14 

21 


14 

20 


15 

21 

tpLH 

A = B 

A - B 

2 


17 

25 


16 

24 


16 

24 

tPHL 

A= B 

A = B 

2 


15 

31 


14 

30 


15 

32 

tPLH 

A>B or A = B 

A < B 

1 


18 

27 


17 

26 


17 

30 

tPHL 

A>B or A - B 

A < B 

1 

i 

15 

22 


14 

21 


14 

22 






LS86 LS386 


Quadruple 2-Input Exclusive-OR Gates 


PIN-OUT AND LOGIC DIAGRAMS 



LS86 and LS386 are electrically identical. The LS386 is a pin-for-pin replacement for the L386. 


Recommended Operating Conditions 



9LS/54LS 

9LS/74LS 

Unit 

Min 

Nom 

Max 

Min 

Nom 

Max 

Supply voltage, Vcc 

4.5 

5 

5.5 

4.75 

5 

5.25 

V 

High-level output current, Iqh 



-400 



-400 

m a 

Low-level output current, Iql 



4 



8 

mA 

Operating free-air temperature, Ta 

-55 


125 

0 


70 

°C 


Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted) 


Parameter 

Test Conditions* 

9LS/54LS 

9LS/74LS 

Unit 

wnm 

era 



EH 


V|H 


2 



2 




V|L 




0.7 





V| 

V CC =MIN, l, = - 1 8mA 



-1.5 


mm 

EB 

V 

V<DH 

V CC =MIN, V|h=2V 

V|L = V|L m a></ loH =_ 400iuA 

2.5 

3.4 


D 

m 


V 

V OL 

V C c=MIN, V|h=2V, 

V|L=V|Lmax, 

IOL =4mA 


0.25 

0.4 


wm:i 

0.4 

V 

l0L = 8mA 





0.35 

.0.5 

»l 

V C c=MAX, V|=7V 



0.2 



0.2 

mA 

i|H 

V C c=MAX, V|=2.7V 



40 



40 

/iA 

IlL 

Vcc=MAX, V|=0.4V 



-0.8 



HU 


!0St 

V C c=MAX 

-15 


-100 

BQ 


HUS 


| cc tt 

V C c=MAX, 


6.1 

10 


6.1 

10 

sal 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

* * All typical values are at V cc = 5 V, = 25° C. 

+ Not more than one output should be shorted at a time, 
ttlcc is measured with the inputs grounded and the outputs open. 
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Quadruple 2-Input Exclusive-OR Gates 


LS86 LS386 


Switching Characteristics, V cc = 5V Over Recommended Free-Air Temperature Range 



Note: 


AC specification shown under -55°C and +125 C are for 9LS devices only. All 50pF specifications 
are for 9LS only. 
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LS90 LS92 LS93 


Decade, Divide-by-Twelve, and 
Binary Counters 


DESCRIPTION 


Each of these monolithic counters contains four master- 
slave flip-flops and additional gating to provide a divide-by- 
two counter and a three-stage binary counter for which the 
count cycle length is divide-by-five for the 'LS90, divide-by- 
six for the 'LS92, and divide-by-eight for the 'LS93. 

All of these counters have a gated zero reset and 'LS90 
also has gated set-to-nine inputs for use in BCD nine's 
complement applications. 

To use their maximum count length (decade, divide-by- 
twelve, or four-bit binary) of these counters, the B input 
is connected to the Q/\ output. The input count pulses 
are applied to input A and the outputs are as described in 
the appropriate function table. A symmetrical divide-by-ten 
count can be obtained from the 'LS90 counters by con- 
necting the Qd output to the A input and applying the 
input count to the B input which gives a divide-by-ten 
square wave at output Qa. 


PIN-OUT DIAGRAMS 
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Decade, Divide-by-Twelve, and 
Binary Counters 


LS90 LS92 LS93 


LS90 

BCD COUNT SEQUENCE 
(See Note A) 


LS90 

BI-QUINARY (5-2) 
(See Note B) 


LS92 

COUNT SEQUENCE 
(See Note C) 


LS93 

COUNT SEQUENCE 

(See Note C) 

























LS90 LS92 LS93 


Decade, Divide-by-Twelve, and 
Binary Counters 


Recommended Operating Conditions 


! 

9LS/54LS 

9LS/74LS 

Unit 

TTTM 


ESJI 



EES 

Supply voltage, Vqc 

Eg 

mm 



■ 


mm 

High-level output current, Iqh 

■ ■ 


e a 





Low-level output current, Iql 



mm 



■ 

ugi 

Count frequency, count ( see Figure 1 on 2-46) 

A input 

0 


gcgjg 

u 


g 

El 

B input 

0 



0 


■ 

Pulse width, t w 

A input 








B input 

30 



30 



Reset inputs 

15 



15 



Reset inactive-state setup time, t^up 

25 



25 



ns 

Operating free-air temperature, T A 

-55 


125 

0 


70 

U C 


Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted) 


Parameter 

. 

Test Conditions* 

9LS/54 LS90/92 

9LS/74LS90/92 

Unit 

Min 

Typ** 

Max 

Min 

Jyp** 

Max 

V|H 


2 



2 



V 

V|L 




0.7 



0.8 

V 

V| 

Vcc=MIN, 1’, ~-18mA 



-1.5 



-1.5 

V 

v OH 

V C c=MIN, V| H =2V, 

V|L = V|Lmax, loH = “400/iA 

2.5 

3.4 


2.7 

3.4 


V 

VoL 

V C c=MIN, V| H -2V, 

V|L=V|[_max, 

loL = 4mA^| 


0.25 

0.4 


0.25 

0.4 

V 

l 0L =8mAl 





0.35 

0.5 


Any reset 

V C c=MAX, V|=7V 



0.1 



0.1 


ii 

A input 

V C c=MAX, V|=5.5V 



0.2 



0.2 

mA 

B input 



0.4 



0.4 

IlH 

Any reset 

V C c=MAX, V|=2.7V 



20 



20 

juA 

A input 



40 



40 

B input 



80 



80 

IlL 

Any reset 

V C c=MAX, V|=0.4V 



-0.4 



-0.4 

mA 

A input 



-2.4 



-2.4 

B input 



-3.2 



-3.2 

•os 1- 

V CC =MAX 

-15 


-100 

-15 


-100 

mA 

Icctt 

V C c=MAX, 

LS90 


9 

15 


9 

15 

mA 

LS92 


9 

15 


9 

15 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

* * All typical values are at V cc = 5 V, Ta = 25° C. 
tNot more than one output should be shorted at a time. 

tt Iqq is measured with all outputs open, both Rq inputs grounded following momentary connection to 4.5V, and all other inputs grounded. 
U Outputs are tested at specified Iql Pl us t ^ ie value of l|i_ for the B input. This permits driving the B input while maintaining full fan-out 
capability. 


[Raytheon! 
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Decade, Divide-by-Twelve, and 
Binary Counters 


LS90 LS92 LS93 


Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted) 


Parameter 

Test Conditions* 

9LS/54LS93 

9LS/74LS93 

Unit 

Min 

Typ** 

Max 

Min 

Typ** 

Max 

V|H 


2 



2 



V 

V|L 




0.7 



0.8 

V 

V| 

V C c=MIN f l|=- 1 8mA 



-1.5 



-1.5 

V 

V<DH 

V C c=MIN, V|h=2V, 

V| L =V|Lmax > I OH =-400 mA 

2.5 

3.4 


2.7 

3.4 


V 

V OL 

V C c=MIN, V|h=2V, 

V| L : =V|Lmax 

l 0 L=4mA1| 


0.25 

0.4 


0.25 

0.4 

V 

l 0 L=8nnA1I 





0.35 

0.5 

h 

Any reset 

V C c=MAX / V,=7V 



0.1 



0.1 

mA 

A or B input 

Vcc^MAX, V|=5.5V 



0.2 



0.2 

l|H 

Any reset 

V C c=MAX, V|=2.7V 



20 



20 

juA 

A or B input 



40 



40 


Any reset 




-0.4 



-0.4 


1 IL 

A input 

V C c=MAX f V|=0.4V 



-2.4 



-2.4 

mA 

B input 




-1.6 



-1.6 

•ost 

v cc =max 

-15 


-100 

-15 


-100 

mA 

Icctt 

V C c=MAX / 


9 

15 


9 

15 

mA 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

**AII typical values are at Vqc ~ 5 V, = 25°C. 
tNot more than one output should be shorted at a time. 

tt Iqc is measured with all outputs open, both Rq inputs grounded following momentary connection to 4.5V, and all other inputs grounded. 
^Outputs are tested at specified Iql plus the limit value of l|i_ for the B input. This permits driving the B input while maintaining full fan-out 
capability. 


Eraytheon]| 
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LS90 LS92 LS93 


Decade, Divide-by-Twelve, and 
Binary Counters 



Note: AC specification shown under -55°C and +125°C are for 9LS devices only. All 50pF specifications 
are for 9LS only. 
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Decade, Divide-by-Twelve, and 

Binary Counters LS90 ls92 ls93 


Switching Characteristics, V cc = 5V Over Recommended Free-Air Temperature Range 

• 1 1 1 \ 


Parameter 

From 

(input) 

To 

(output) 

-55°C 

+25°C 

+ 125°C 


Min | Typ | Max 

Min | Typ | Max 

Min | Typ | Max 


Test Conditions: C 

L = 50pF, R l = 2ka (See Rg. A, page 2-174 and Rg. 1, page 2-49) 


tPLH 

LS90 

A 

Qa 


17 

25 


14 

21 


17 

25 


tPHL 


19 

27 


16 

23 


19 

27 

ns 

tPLH 

LS92 

A 

Qa 


17 

25 


14 

21 


17 

25 


tPHL 


19 

27 


16 

23 


19 

27 

ns 

tPLH 

LS93 

A 

Qa 


17 

25 


14 

21 


17 

25 

ns 

tPHL 


19 

27 


16 

23 


19 

27 

tPLH 

LS90 

A 

Qd 


39 

56 


36 

52 


39 

56 

ns 

*PHL 


41 

58 


38 

54 


41 

58 

tPLH 

LS92 

A 

Qd 


39 

56 


36 

52 


39 

56 

ns 

tPHL 


41 

58 


38 

54 


41 

58 

tPLH 

LS93 

A 

Qd 


53 

82 


50 

78 


53 

82 

ns 

tPHL 


53 

82 


50 

78 


53 

82 

*PLH 

LS90 

B 

q b 


17 

25 


14 

21 


17 

25 

ns 

tPHL 


19 

27 


_ 16 

23 


_ 19 i 

_27 

tPLH 

LS92 

B 

Qb 


17 

25 


14 

21 


17 

25 

ns 

tPHL 


19 

27 


16 

23 


19 

27 

tpLH 

LS93 

B 

Qb 


17 

25 


14 

21 


17 

25 

ns 

tPHL 


41 

27 


16 

23 


19 

27 

tpLH 

LS90 

B 

Q C 


29 

41 


26 

37 


29 

41 

ns 

tPHL 


30 

42 


27 

38 


30 

42 

tPLH 

LS92 

B 

Qc 


17 

25 


14 

21 


17 

25 

ns 

tPHL 


19 

27 


16 

23 


19 

27 

tPLH 

LS93 

B 

Qc 


29 

41 


26 

37 


29 

41 

ns 

tPHL 


30 

42 


27 

38 


30 

42 

tPLH 

LS90 

B 

Qd 


29 

41 


26 

37 


29 

41 

ns 

tPHL 


30 

42 


27 

38 


30 

42 

tPLH 

LS92 

B 

q d 


29 

41 


26 

37 


29 

41 

ns 

tPHL 


30 

42 


27 

38 


30 

42 

tPLH 

LS93 

i. 

B 

Qd 


43 

63 


40 

58 


43 

62 

ns 

tPHL 


43 

62 


40 

58 


43 

62 

tPHL 

LS90 

Set-to-0 

Any 


33 

50 


30 

46 


33 

50 

ns 

tPHL 

LS92 

Set-to-0 

Any 


33 

50 


30 

46 


33 

50 

ns 

tPHL 

LS93 

Set-to-0 

Any 


33 

50 


30 

46 


33 

50 

ns 

tPLH 

LS90 

Set-to-9 

Qa, Qd 


28 

40 


25 

36 


28 

40 

ns 

tPHL 

Qb, Qc 


33 

49 


30 

45 


33 

49 


Note: AC specification shown under -55°C and +125°C are for 9LS devices only. All 50pF specifications 
are for 9LS only. 
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LS90 LS92 LS93 


Decade, Divide-by-Twelve, and 
Binary Counters 



NOTES: A. Input pulses are supplied by a generator having the following characteristics: 
t r < 1 5ns, tf < 5ns, PRR = 1 MHz, duty cycle = 50%, Z out = 50 ohms 

B. Each reset input is tested separately with the other reset at 4.5V. 

C. Reference waveforms are shown with dashed lines. 


FIGURE 1. VOLTAGE WAVEFORMS 
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8-Bit Shift Registers 


LS91 


FEATURES 

■ For Use In Digital Computer Systems 

■ For Use In Data- Handling Systems 

■ For Use In Control Systems 


DESCRIPTION 

These monolithic serial-in, serial-out, 8-bit shift registers 
utilize transistor-transistor logic (TTL) circuits and are com- 
posed of eight R-S master-slave flip-flops, input gating, and 
a clock driver. Single-rail data and input control are gated 
through inputs A and B and an internal inverter to form the 
complementary inputs to the first bit of the shift register. 
Drive for the internal common clock line is provided by an 
inverting clock driver. This clock pulse inverter/driver causes 
these circuits to shift information one bit on the positive 
edge of an input clock pulse. 


FUNCTION TABLE 


Inputs 

AT t n 

Outputs 

AT t n+ 8 

A B 

Qh Qh 

H H 

L X 

X L 

H H 

L H 

L H 


H = high, L = low, 

X = irrelevant 

t n = Reference bit time, clock low 
t n +8 = Bit time after 8 
low-to-high 
clock transitions. 


PIN-OUT DIAGRAM 


DUAL-IN-LINE PACKAGE 
INPUT INPUT 

Qh Qh A B GIMD CK NC 



DU 0 DO □ 0 GO □ 

NC NC NC NC VcC NC NC 
positive logic: see function table 


FLAT PACKAGE 
INPUT INPUT 

Qh Qh b gnd a ck nc 



Q0000B0 

NC NC NC Vcc NC NC NC 
positive logic: see function table 


NC— No Internal Connection 


SCHEMATICS OF INPUTS AND OUTPUTS 
LS91 

EQUIVALENT OF EACH INPUT 



LS91 

TYPICAL OF BOTH OUTPUTS 
VCC 



^AYTHEON^ 
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LS91 


8-Bit Shift Registers 


FUNCTIONAL BLOCK DIAGRAM 


. ( 12 ) ( 10 ) 


B 


(ID (12) 


(9) (9) 


D>” 


(DUAL-IN-LINE) (FLAT PACKAGE) 



S Q 
r4> CK 
|R Q 


S Q 
r CK 
R Q 


jS Q 
r4> CK 
R 0] 


S Q 
r4>CK 
R Q 


S Q 


|s Q | 

r^cK 

R Q 


S Q 
po£> CK 
R Q 


S Q 
[-g|> CK 
R Q| 


(13) (13) 


(14) (14) 


Recommended Operating Conditions 



9LS/54LS 

9LS/74LS 

Unit 

Min. 

Nom. 

Max. 

Min. 

Nom. 

Max. 

Supply voltage, Vqq 

4.5 

5 

5.5 

4.75 

5 

5.25 

V 

High-level output current, Iq^ 



-400 



-400 

/J.A 

Low-level output current, Iqj_ 



4 



8 

mA 

Width of clock input pulse, tyy 

25 



25 



ns 

Setup time, t su (See Figure 1) 

25 



25 



ns 

Hold time, t n (See Figure 1) 

0 



0 



ns 

Operating free-air temperature, 

-55 


125 

0 


70 

°C 


Electrical Characteristics Over Recommended Operating Free-Air Temperature Range 
(Unless Otherwise Noted) 


Parameter 

Test Conditionsf 

9LS/54LS 

9LS/74LS 

Unit 

Min. 

Typ4 

Max. 

Min. 

Typ4 

Max. 

V||_| High-level input voltage 


2 



2 



V 

V| [_ Low-level input voltage 




0.7 



0.8 

V 

Vj ^ Input clamp voltage 

V cc = Min, 1 1 = -1 8 mA 



-1.5 



-1.5 

V 

Vqh High-level output voltage 

V cc = Min, V m = 2V 

V || — V | max , 1 o h ~ — 400ju A 

2.5 

3.5 


2.7 

3.5 


V 

Vq[_ Low-level output voltage 

Vqq — Min, — 2V 

Vj l = V| l max 

Iqj_ - 4 m A 


0.25 

0.4 


0.25 

0.4 

V 

1 q 0 = 8 mA 





0.35 

0.5 

Input current at 

l| 

maximum input voltage 

V cc = Max, V| = 7V 



0.1 



0.1 

mA 

• |H High-level input current 

V cc = Max, V, = 2.7V 



20 



20 

M A 

l|l_ Low-level input current 

v cc = Max ' V l = °‘ 4V 



-0.4 



-0.4 

mA 

Iqs Short-circuit current^ 

V C c = Max 

15 


-100 

15 


-100 

mA 

l C c Supply current 

V C c = Max, See Note 1 


12 

20 


12 

20 

mA 


f For conditions shown as Min or Max, use the appropriate value specified under recommended operating conditions. 

$ All typical values are at Vqq = 5V,T/\ = 25° C. 

f Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 
NOTE 1. Iqq is measured after the eighth clock pulse with the output open and A and B inputs grounded. 
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8-Bit Shift Registers 


LS91 


Switching Characteristics V cc = 5.0V Over Recommended Free-Air Temperature Range. 


Parameter 

From 

(Input) 

To 

(Output) 

9LS/54LS 

Unit 

-55° C 

+25°C 

+ 125 C 

Min. 1 Typ. 1 Max. 

Min. 1 Typ. 

Max. j Min. 

Typ. 

Max. 

Test Conditions: C L = 15pF, R L = 2.0k(l (See Fig. A, page 2-174 and Fig. 1, page 2-55) 

f(max) 






10 

18 





MHz 

t plh 

clock 

°H 


26 

42 


24 

40 


26 

42 

ns 

t phl 

clock 

q h 


28 

45 


27 

40 


28 

45 

ns 

Test Conditions: C t = 50pF, R L = 2.0kfl (See Fig. A, page 2-174 and Fig. 1, page 2-55) | 

t plh 

clock 

q h 


30 

47 


27 

45 


30 

47 

ns 

t phl 

clock 

q h 


33 

52 


30 

48 


33 

52 

ns 


PARAMETER MEASUREMENT INFORMATION 


PULSE 

GENERATOR 
(See Note A) 


LOAD CIRCUItTI 



TEST CIRCUIT 


CLOCK-PULSE 

INPUT 


INPUT A 


1 2 thru 7 8 9 thru 15 16 17 18 19 thru 23 24 25 26 27 

J1 J L 


OUTPUT Q h 


__n i l 

TYPICAL INPUT/OUTPUT WAVEFORMS 
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LS91 


8-Bit Shift Registers 


PARAMETER MEASUREMENT INFORMATION 


|-« — t w (clock )—*j * — t w (clock) — ►{ 




PROPAGATION DELAY TIMES VOLTAGE WAVEFORMS 


SWITCHING TIMES VOLTAGE WAVEFORMS 


FIGURE 1. SWITCHING TIMES 


NOTES: 


A. The generator has the following characteristics: t w (clock) = 500 ns; PRR < 1 MHz; Z Qut « 50 Cl; t r = 
tf = 6 ns. 

B. Cj_ includes probe and j:s capacitance 

C. All diodes are 1 N3064 or 1 N91 6 
D - V ref =1 - 3V 


5 ns, and 


^RAYTHEONJ 
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4-Bit Bi-Directional 
Parallel-Access Shift Register 


LS95B 


DESCRIPTION 

This 4-bit register features parallel and serial inputs, paral- 
lel outputs, mode control, and two clock inputs. The register 
has three modes of operation: 

Parallel (broadside) load 

Shift right (the direction Q A toward Q D ) 

Shift left (the direction Q D toward Q A ) 

Parallel loading is accomplished by applying the four bits of 
data and taking the mode control input high. The data is 
loaded into the associated flip-flops and appears at the out- 
puts after the high-to-low transition of the clock-2 input. Dur- 
ing loading, the entry of serial data is inhibited. 

Shift right is accomplished on the high-to-low transition of 
clock 1 when the mode control is low; shift left is accomp- 
lished on the high-to-low transition of clock 2 when the mode 
control is high by connecting the output of each flip-flop to the 
parallel input of the previous flip-flop (Q 0 to input C, etc.) and 
serial data is entered at input D. The clock input may be 
applied commonly to clock 1 and clock 2 if both modes can 
be clocked from the same source. Changes at the mode 
control input should normally be made while both clock inputs 
are low; however, conditions described in the last three lines 
of the function table will also ensure that register contents are 
protected. 


PIN-OUT DIAGRAM 




OUTPUTS 

FUNCTION TABLE 





INPUTS 






outputs 


MODE 

CONTROL 

CLOCKS 

2 (L) 1 (R) 

SERIAL 

A 

PARALLEL 

B C 

D 

Qa 

q b 

Qc 

Qd 

H 

H 

X 

X 

X 

X 

X 

X 

Qao 

o 

CD 

o 

o 

o 

a 

Qdo 

H 

4 

X 

X 

a 

b 

c 

d 

a 

b 

c 

d 

H 

4 

X 

X 

Q B t 

Q C t 

Q D t 

d 

°Bn 

QCn 

°Dn 

d 

L 

L 

H 

X 

X 

X 

X 

X 

q ao 

o 

QQ 

a 

8 

a 

o 

a 

a 

L 

X 

4 

H 

X 

X 

X 

X 

H 

QAn 

°Bn 

QCn 

L 

X 

4 

L 

X 

X 

X 

X 

L 

QAn 

a Bn 

QCn 

t 

L 

L 

X 

X 

X 

X 

X 

Qao 

o 

QQ 

a 

8 

a 

o 

D 

o 

4 

L 

L 

X 

X 

X 

X 

X 

Qao 

o 

QQ 

a 

Qco 

O 

D 

O 

4 

L 

H 

X 

X 

X 

X 

X 

Qao 

o 

CD 

a 

Qco 

o 

a 

a 

t 

H 

L 

X 

X 

X 

X 

X 

Qao 

o 

QQ 

a 

8 

a 

o 

a 

a 

t 

H 

H 

X 

X 

X 

X 

X 

q ao 

o 

QQ 

o 

o 

n 

o 

o 

a 

o 


tShifting left requires external connection of Qg to A, 

Qq to 6, and Qq to C. Serial data is entered at input D. 

H = high level (steady state), L = low level (steady state), X = 
irrelevant (any input, including transitions) 

I = transition from high to low level, t = transition from low to 
high level 

a, b, c, d = the level of steady-state input at input, A, B, C, or D, 
respectively. 

q AO- q BQ- q CO' q D 0 = the ,evel of q A» q B' q C» or q D/ respec- 
tively, before the indicated steady-state input conditions were 
established. 

Q An- Q Bm Q Cn» °Dn = the ,evel oi Q A» q B< q C* or Q D< respec- 
tively, before the most-recent i transition of the clock. 
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LS95B 


4-Bit Bi-Directional, 
Parallel-Access Shift Register 


Recommended Operating Conditions 



9LS/54LS 

9LS/74LS 

Unit 

Min 

Nom 

Max 

Min 

Nom 

Max 

Supply voltage, Vqq 

4.5 

5 

5.5 

4.75 

5 

5.25 

V 

High-level output current, Iqh 



-400 



-400 

m a 

Low-level output Current,. Iql 



4 



8 

mA 

Clock frequency, f c iock 

0 


20 

0 


20 

MHz 

Width of clock pulse, t w ( ciock )(see Figure 2 page 2-57) 

25 



25 



ns 

Setup time, high-level or low-level data, t setup (see Figure 1 page 2-57) 

0 



0 



ns 

Hold time, high-level or low-level data, th 0 ld ( see Figure 1 page 2-57) 

20 



20 



ns 

Time to enable clock 1, t ena ble 1 (see Figure 2 page 2-57) 

20 



20 



ns 

Time to enable clock 2, t ena bie 2 (see Figure 2 page 2 57) 

20 



20 



ns 

Time to inhibit clock 1, tj n hibit 1 (see Figure 2 page 2-57) 

10 



10 



ns 

Time to inhibit clock 2, tj n hibit 2 ( see Figure 1 page 2-57) 

10 



10 



ns 

Operating free-air temperature T^ 

-55 


125 

0 


70 

°C 


Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted) 


Parameter 

Test Conditions* 

9LS/54LS 

9LS/74LS 

Unit 

Min 

Typ** 

Max 

Min 

Typ** 

Max 

Vih 


2 






V 

V|L 




0.7 



0.8 

V 

V| 

V C c=MIN, 1 , =— 1 8mA 






-1.5 

V 

V OH 

V C c=MIN, V|h=2V, 

V|L=V|Lmax, loH = “400/iA 



■ 

a 

Qj 


V 


V C c=MIN, V|h=2V, 

V|L~V|L m a x 

loL^mA 



EZ3I 


||Hggi 

0.4 

V 

l 0 L = 8mA 



1 



0.5 

■ 

Mode inputs 

V CC =MAX, V , =7 V 






0.2 

mA 

Other inputs 



EDU 



0.1 

a 

Mode inputs 

Vcc = MAX, V,=2.7V 



K9 



40 

m a 

Other inputs 



El 



20 

IlL 

Mode inputs 

Vcc=MAX, V|=0.4V 



Bifil 




mA 

mA 

Other inputs 






Bill 

iost 

\z cc =y\Ax t 

-15 


Blili 

Bkfl 


-100 

1 CC 1 " 1 " 

Vcc^MAX, See Note 1 


13 

BliH 






*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

**AII typical values are at Vqc = 5V, = 25°C. 

+Not more than one output should be shorted at a time. 

tt Iqc is measured with all outputs and jerial inputs open; A B, C, and D inputs grounded; mode control at 4.5V; and a momentary 3V 
then ground, applied to both clock inputs. 

Switching Characteristics, V cc = 5V Over Recommended Free-Air Temperature Range 


Parameter 

— 55°C 

+25°C 

+ 125°C 

Unit 

Min | Typ | Max 

Min | Typ | Max 

Min | Typ | Max 

Test Conditions: C L = 15pF, R L = 2kfl (See Fig, A, page 2-174 and Fig. 1 and 2, page 2-57) j 

fmax 




20 

30 





MHz 

tpLH 


28 

37 


27 

35 


28 

37 

ns 

tPHL 


32 

45 


30 

40 


32 

45 

ns 

Test Conditions: C L = 15pF, R L = 2kfi (See Fig. A, page 2-174 and Fig. 1 and 2, pa< 

3 e 2-57) 

tPLH 


32 

42 


31 

40 


32 

42 

ns 

tPHL 


36 

50 


34 

45 


36 

50 

ns 


Note: AC specification shown under -55°C and +1 25°C are for 9LS devices only. All 50pF specifications are for 9LS devices only. 
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4-Bit Bi-Directional 
Parallel- Access Shift Register 


LS95B 


PARAMETER MEASUREMENT INFORMATION 


LOAD CIRCUIT 


DATA 

INPUT 


V— JU- — H 

fci 21— J\ l\- 



VOLTAGE WAVEFORMS 

NOTES* FIGURE 1 - SWITCHING TIMES 

A. Input pulses are supplied by a generator having the following characteristics: t r < 10 ns, tf < 10 ns, and Z out = 50f2. For the data 
pulse generator, PRR = 500kHz; for the clock pulse generator, PRR = 1MHz. When testing f max , vary PRR. t w (cj ata ) > 20 ns, 
twlclock) > 15 ns. 

B. V ref = 1.3V. 


SERIAL 

INPUT 



Q a OUTPUT 


NOTES: 

A. Input A is at a low level. 

B. V ref = 1 .3 V . 


VOLTAGE WAVEFORMS 
FIGURE 2 - CLOCK ENABLE/INHIBIT TIMES 
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LSI 09 


Dual J-K Positive-Edge-Triggered Flip-Flop 


DESCRIPTION 

This monolithic dual J-K edge-triggered flip-flop features 
individual J, K, clock, preset, and clear inputs. A low level at 
preset or clear sets or resets the outputs regardless of the 
levels of the other inputs. When preset and clear are inactive 
(high), data at the J and K inputs meeting the setup time 
requirements are transferred to the outputs on the positive- 
going edge of the clock pulse. Clock triggering occurs at a 
voltage level of the clock pulse and is not directly related to 
the transition time of the positive-going pulse. Following the 
hold time interval, data at the J and K inputs may be changed 
without affecting the levels at the outputs. 

The J and K data inputs simplify hardware design as a 
D-type flip-flop can be implemented by simply tying the J and 
K inputs together. 


LOGIC DIAGRAM (Vz) 



PIN-OUT DIAGRAM 


2 



11 12 13 14 1 U IK 1CK1PR IQ 1QGND 

CLR 

Die Size .05l5|X .056 positive logic: see function table 


FUNCTION TABLE 
(EACH FLIP-FLOP) 


1 INPUTS | 

OUTPUTS 1 

PRESET 

CLEAR 

CLOCK 

J 

1? 

Q 

Q 

L 

H 

X 

X 

X 

H 

L 

H 

L 

X 

X 

X 

L 

H 

L 

L 

X 

X 

X 

H* 

H* 

H 

H 

t 

L 

L 

L 

H 

H 

H 

t 

H 

L 

TOGGLE 

H 

H 

t 

L 

H 

Qo 

Qo 

H 

H 

t 

H 

H 

H 

L 

H 

H 

L 

X 

X 

Q 0 

°0 


H = high level (steady state) 

L = low level (steady state) 

X = irrelevant 

t = transition from low to high level 

Q 0 = the level of Q before the indicated steady-state input conditions 
were established 

TOGGLE: each output changes to the complement of its previous level 
on each T clock transition. 

This configuration is nonstable; that is, it will not persist when preset 
and clear inputs return to their inactive (high) level. 


Recommended Operating Conditions 



9LS/54LS 

9LS/74LS 

Unit 

WHTM 


ES3I 



U2JI 

Supply voltage, Vqc 

m 


m 


5 

5.25 

V 

Normalized fan-out from each output, N 

High logic level 



E 




■ 

Low logic level 



Ifl 




Clock frequency, f c iock 

0 


n 

0 



IfilM 

Width of clock pulse, t^dock) (High) 

mm 

wmm 


mm 




Width of preset pulse, t w ( preset ) (Low) 

mm 



mm 




Width of clear pulse, t w ( c | ea r) (Low) 

mm 






ns 

Input setup time t^p 

mm 







Input hold time, thoid 

0 



0 



■ 

Operating free-air temperature, 

-55 


125 

0 


70 

°c 


^setup is the minimum time required for the correct logic level to be present at the J or K input prior to the rising edge of the clock in order 
to be recognized and transferred to the outputs. 

thold is the minimum time required for the logic level to be maintained at the J or K input after the clock transition in order to insure 
recognition. This device requires no hold time. 
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Dual J-K Positive-Edge-Triggered Flip-Flop 


LSI 09 


Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted) 


Parameter 

Teat Conditions* 

9LS/54LS 

9LS/74LS 

Unit 

HEB 

era 

Ujjjl 

ESI 

Ea 

EQ9 

V|H 



I ■ 

1 


HR 

HI 

V 

V| L 




0.7 



ns 

V 

V| 

V C c=MIN, l|=-18mA 



-1.5 



-1.5 

V 

VoH 

V CC =MIN, V| H =2V, 

V|L = V|L m ax, l O H = -400juA 

2.5 

3.4 


D 

on 


V 

VOL 


Iol = 4itiA 


■flEEM 

mm 



mi 

V 

1 Q[_ = 8mA 







it 

Jor K 

V C c=MAX, V,=5.5V 



0.1 



0.1 

mA 

clock or presel 



0.2 



0.2 

Clear 



0.4 



0.4 

IlH 

Jor K 

V C c=MAX, V,=2.7V 



20 



20 

MA 

clock or preset 



40 



40 

Clear 



80 



80 

IlL 

J or K 

V CC =MAX, V|=0.4V 



-0.4 



-0.4 

mA 

clock or preset 



-0.8 



-0.8 

Clear 



-1.6 



-1.6 

•os 1- 

V C c=MAX 

-15 


-100 

-15 


-100 

mA 

■ 'cett 

| V C c=MAX, 


4 

8 


4 

8 

mA 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

**AII typical values are at Vqc = 5V, Ta = 25° C. 

tNot more than one output should be shorted at a time, 
tt Ice is measured with outputs open, clock grounded, and J, K, preset, and clear at 4.5V. 

Switching Characteristics, V cc = 5VOver Recommended Free-Air Temperature Range 


Parameter 

— 55°C 

+25°C 

+125°C 

Unit 

Min | Typ | Max 

Min | Typ | Max 

Min | Typ | Max 

[ Test Conditions: C L = 15pF, R L = 2kft (See Figure A on page 2-174) j 

tpLH 


12 

18 


10 

15 


16 

23 

ns 

tpHL 

CK Low 


22 

29 


12 

18 


21 

28 

ns 

CK High 


29 

39 


16 

24 


27 

38 

tPLH 


13 

20 


12 

18 


13 

20 

ns 

tpHL 


17 

27 


14 

22 


15 

24 

ns 

Test Conditions: C L = 50pF, R L = 2kO (See Figure A on page 2-174) | 

tpLH 


16 

22 


13 

19 


19 

26 

ns 

tPHL 

CK Low 


26 

33 


21 

27 


24 

31 

ns 

CK High 


33 

44 


29 

38 


30 

41 

ns 

tPLH 


17 

24 


15 

22 


16 

25 

ns 

JPHL 


22 

31 


18 

26 


19 

29 

ns 


t se tup ' s the minimum time required for the correct logic level to be present at the J or K input prior to the rising edge of the clock in 
order to be recognized and transferred to the outputs. 

thold is minimum time required for the logic level to be maintained at the J or K input after the clock transition in order to insure 
recognition. This device requires no hold time. 

Note: AC specification shown under -55°C and +125°C are for 9LS devices only. All 50pF specifications 
are for 9LS only. 


^RAYTHEON^ 
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Single and Dual Retriggerable 
lsi 22 lsi 23 Monostable Multivibrators with Clear 


FEATURES 

■ Functionally and Mechanically Identical to 54122 and 
54123 

■ Retriggerable for Very Long Output Pulses, Up to 100% 
Duty Cycle 

■ Overriding Clear Terminates Output Pulse 

■ Low Power Dissipation: 

'LSI 22... 30 mW Typical 
'LSI 23 . . . 60 mW Typical 

■ Compensated for Vcc and Temperature Variations 

■ D-C Triggered from Active-High or Active- Low Gated 
Logic Inputs 

■ 'LSI 22 Has Internal 10 k!2 Timing Resistor 

■ Diode-Clamped Inputs 

■ Compatible for Use with TTL or DTL 

DESCRIPTION 

The 'LSI 22 and 'LSI 23 multivibrators feature d-c triggering 
from gated low-level-active (A) and high-level-active (B) in- 
puts, and also provide overriding direct clear inputs. Com- 
plementary outputs are provided. The retrigger capability 
simplifies the generation of output pulses of extremely long 
duration. By triggering the input before the output pulse is 
terminated, the output pulse may be extended. The over- 
riding clear capability permits any output pulse to be ter- 
m inated at a predetermined time independently of the 
timing components R and C. Enough Schmitt hysteresis is 
provided to ensure jitter-free triggering from the B inputs 
with transition rates as slow as 1 volt per second. Figure 1 
illustrates triggering the one-shot with the high-level-active 
(B) inputs. 



'LS122 FUNCTION TABLE 


'LS123 FUNCTION TABLE 


(SEE NOTE 1) 


(SEE NOTE 1) 
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Single and Dual Retriggerable 
Monostable Multivibrators with Clear 


LSI 22 LSI 23 


NOTES: 1. H = high level (steady state), L = low level (steady state), t = transition from low to high level, i = transition from high to low 
level, H = one high-level pulse, L = one low-level pulse, X = irrelevant (any input, including transitions). 

2. To use the internal timing resistor of 'LSI 22, connect Rj nt to Vqc- 

3. An external timing capacitor may be connected between C ext and R ext /C ext (positive). 

4. For accurate repeatable pulse widths, connect an external resistor between Rext^ext ar| d Vqq Rjnt open circuited. 

5. To obtain variable pulse widths, connect external variable resistance between Rj nt or R ext /C ex t anc * ^CC- 


RETRIGGER PULSE 
(See Note) 


_n cl 

•C 


^OUTPUT WITHOUT RETRIGGER 
OUTPUT PULSE CONTROL USING RETRIGGER PULSE 


JT 


in 


OUTPUT WITHOUT CLEAR 


OUTPUT PULSE CONTROL USING CLEAR INPUT 


TYPICAL OUTPUT PULSE WIDTH 



1 10 100 1000 


Cext— External Timing Capacitance— pF 


NOTE: Retrigger pulse must not start before 0.22 C ext (in 

picofarads) nanoseconds after previous trigger pulse. 


^These values of resistance exceed the maximum recommended for 
use over the full temperature range of the 9LS/54LS' circuits. 


FIGURE 1— Typical Input/Output Pulses 

These monostables are designed to provide the system de- 
signer with complete flexibility in controlling the pulse 
width, either to lengthen the pulse by retriggering, or to 
shorten by clearing. The 'LSI 25 has an internal timing re- 
sistor which allows the circuit to be operated with only an 
external capacitor, if so desired. 

The output pulse is primarily a function of the external 


FIGURE 2 

capacitor and resistor. For C ext > 1000 pF, the output 
pulse width (t w ) is defined as: 

t w = 0.4 • Rt * Cext 

where 

Rj is in kH (either internal or external timing resistor), 
Cext is in P F , 
t w is in ns. 

For pulse widths when C e xt ^ 1000 pF, see Figure 2. 


Recommended Operating Conditions 



9LS/54LS 

9LS/74LS 

Unit 

Min. 

Nom. 

Max. 

Min. 

Nom. 

Max. 

Supply voltage, Vqc 

4.5 

5 

5.5 

4.75 

5 

5.25 

V 

High-level output current, Iqh 



-400 



-400 

m a 

Low-level output current, Iql 



4 



8 

mA 


A or B inputs high 

40 



40 




Pulse width, t w 

A or B inputs low 

40 



40 



ns 


Clear low 

40 



40 




External timing resistance, R e xt 

5 


225 

5 


360 

ka 

External capacitance, C ext 

No restriction 

No restriction 


Wiring capacitance at R ext /C ext terminal 

50 

50 

pF 

Operating free-air temperature, T /\ 

-55 


125 

0 


70 

°C 







LSI 22 LSI 23 


Single and Dual Retriggerable 
Monostable Multivibrators with Clear 


Electrical Characteristics Over Recommended Operating Free-Air Temperature Range 
(Unless Otherwise Noted) 


Parameter 




9LS/54LS 

9LS/74LS 

Unit 

1 est conditions 1 


Min. 

Typ.* 

Max. 

Min. 

Typ* 

Max. 

V| H 

High-level input voltage 


2 



2 



V 

V|L 

Low-level input voltage 




0.7 



0.8 

V 

V| 

Input clamp voltage 

V C C = MIN, 

l| = -18 mA 



-1.5 



-1.5 

V 

I 

O 

> 

High-level output voltage 

Vcc = MIN, 

V|l = V|L max, 

V| H = 2V, 

•OH = -400 juA 

2.5 

3.5 


2.7 

3.5 


V 

v OL 

Low-level output voltage 

Vcc = MIN, 

V| H ~ 2V, 

•OL = 4 mA 


0.25 

0.4 


0.25 

0.4 

v 

V| l = V| i_ max 


•OL = 8 mA 





0.35 

0.5 


•l 

Input current at 

maximum input voltage 

Vcc = MAX, 

V| = 7V 




0.1 



0.1 

mA 

IlH 

High-level input current 

Vcc = MAX, 

V| = 2.7V 




20 



20 

M A 

l|L 

Low-level input current 

Vcc = MAX, 

V| = 0.4V 




-0.4 



-0.4 

mA 

•os 

Short-circuit output current^ 

Vcc = MAX 

-30 


-150 

-30 


-150 

mA 

•cc 

Supply current 

Vcc = MAX, 

See Note 2 

'LSI 22 


6 

11 


6 

11 

mA 

(quiescent or triggered) 

'LSI 23 


12 

20 


12 

20 


+ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

^All typical values are at Vqq = 5V, T/\ = 25°C. 

$Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

NOTE 2: With all outputs open and 4.5 V applied to all data and clear inputs. Ice is measured after a momentary ground, then 4.5 V, is 
applied to clock. 


Switching Characteristics V cc = 5.0V Over Recommended Free-Air Temperature Range. 


Parameter 

From 

To 

-55° C 

+25° C 

+ 125°C 

Unit 


(Input) 

(Output) 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Test Conditions: C L = 15pF, R L = 2.0k C ext = Opf, R ext = 

5.0kfl (See Fig. 3, page 2-61 and Fig. A, page 2-174) 


fPLH 

A 

Q 


25 

37 


22 

33 


25 

37 

ns 

B 


32 

48 


29 

44 


32 

48 

t PHL 

A 

Q 


33 

49 


30 

45 


33 

49 

ns 

B 


40 

61 


37 

56 


40 

61 

t PHL 

clear 

Q 


21 

31 


18 

27 


21 

31 

ns 

tPLH 

Q 


33 

50 


30 

45 


33 

50 

ns 

fwQ(min) 

A or B 

Q 


140 

250 


116 

200 


140 

250 

ns 

*twQ 

A or B 

Q 

- 

- 

- 

4.0 

4.5? 

50 

- 

- 

- 

MS 

Test Conditions: C L = 50pF, R L = 2.0k, C 

ext — ^ext 

= 5.0kn (See Fig. 3, page 2-61 and Fig. A, page 2-174) 


fPLH 

A 1 

Q 


30 

43 


26 

38 


30 

43 

ns 

B 


37 

54 


33 

49 


37 

54 

fPHL 

A 



38 

55 


34 

50 


38 

55 

ns 

B 



45 

67 


41 

62 


45 

67 

tPHL 

clear 

Q 


26 

37 


22 

32 


26 

37 

ns 

fPLH 

Q 


39 

55 


35 

50 


39 

55 

ns 

fwQfmin) 

A or B 

Q 


155 

270 


127 

240 


155 

270 

ns 


Note: AC specification shown under -55°C and +125°C are for 9LS devices only. All 50pF specifications are for 9LS devices only. 


*For this test R e xt = 10k£7, C ex t = lOOOpF. 
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Single and Dual Retriggerable 
Monostable Multivibrators with Clear 


LSI 22 LSI 23 


TYPICAL APPLICATION DATA 

The basic output pulse width is essentially determined by 
the values of external capacitance and timing resistance. 
For pulse widths when C ext ^ 1000 pF. 

When C ext > 1000 pF, the output pulse width is defined as: 

t w = 0- 4 5 • Rj • Cext 


where 

R j is in kf2 (internal or external timing resistance.) 

C ex t ' s m pF 

t w is in nanoseconds 

For best results, system ground should be applied to the 
C ex t terminal. The switching diode is not needed for elec- 
trolytic capacitance applications. 


Vcc 


Rt 


<*t> Cext 


To Cext To Rext/Cext 
terminal terminal 


FIGURE 3 

TIMING COMPONENT CONNECTIONS 
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LSI 25 


Quad 3-State Buffer, Low Enable 
Quad 3-State Buffer, High Enable 


LSI 26 



Recommended Operating Conditions. 



9LS/54LS 

9LS/74LS 

Unit 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Supply Voltage 

4.5 

5.0 

5.5 

4.75 

5.0 

5.25 

V 

High Level Output Iqh 



-1.0 


-1.0 

-2.6 

mA 

Low Level Output Iql 



12 


12 

24 

mA 

Operating Free Air Temperature 

-55 


+125 

0 


70 

°C 


Electrical Characteristics Over Recommended Operating Free-Air Temperature Range 
(Unless Otherwise Noted) 



Parameter 



9LS/54LS 

9LS/74LS 

Unit 





Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

V| H 

Input HIGH Voltage 


Guaranteed Input HIGH Voltage for 

All Inputs 

2.0 



2.0 



V 

V|L 

Input LOW Voltage 


Guaranteed Input LOW Voltage for 

All Inputs 



0.7 



0.8 

V 

V CD 

Input Clamp Diode Voltage 

V cc = MIN, l| N 

= -18mA 


-0.65 

-1.5 



-1.5 

V 

v OH 

Output HIGH Voltage 


'OH ~ "I -0mA 

Vcc = MIN, V, N - V| H or 

2.4 






V 


Iqh = -2.6mA 

V 1 1 _ per Truth Table 





2.4 

3.1 

V 

v OL 

Output LOW Voltage 


'OL = 12mA 

Vcc = M' N » V IN “■ V IH or 


0.25 

0.4 


0.25 

0.4 

V 


Iql = 24mA 

V|l per Truth Table 





0.35 

0.5 

V 

lOZH Output Off Current HIGH 

Vcc = MAX, VquT = 2.4 V, V E = V||_ 



20 



20 

mA 

•OZL Output Off Current LOW 

Vcc = MAX, VquT = 0.4 V, V E = V| L 



-20 



-20 

HA 

'IH 

Input HIGH Current 


V CC = MAX, V 1N = 2.7V 



20 



20 

HA 


v C c = max, v, n = iov 


i 

0.1 



0.1 

mA 

•lL 

Input LOW Current 


Vcc = MAX, V| N = 0.4V 



-0.4 



-0.4 

mA 

'os 

Output Short Circuit 

Current (Note 3) 


V CC = MAX' V O UT = 0V 

-15 


-100 

-15 


-100 

mA 

•cc 

Power Supply Current, 

LSI 25 

V C c = MAX, V|N = 0V, Vi = 0V 



16 



16 

mA 

Outputs LOW 

LSI 26 

Vcc = MAX, V )N = 0V, V E = 4.5V 



20 



20 

mA 

'cc 

Power Supply Current, 

LSI 25 

V C C = MAX ' V IN = 0V, V E = 4.5V 



20 



20 

mA 

Outputs Off 

LSI 26 

V C c = max, V )N = 0V, V E = OV 



24 



24 

mA 


NOTES: 1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the 
applicable device type. 

2. Typical limits are at Vqc = 5.0V, T& = 25° C. 

3. Not more than one output should be shorted at a time. 
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LSI 25 


Quad 3-State Buffer, Low Enable 
Quad 3-State Buffer, High Enable LS126 


Switching Characteristics V cc = 5.0V Over Recommended Free-Air Temperature Range. 


Parameters 

From * 

(Input) 

To 

(Output) 

9LS/54LS 

Units 

-55° C 

+25° C 

+125°C 

Min 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Test Conditions: C L = 45pF, R L = 6670 (See Fig. C, page 2-174) 

*PLH 

D 

0 


10 

15 


6 

10 


10 

14 

ns 

Vhl 

D 

0 


13 

20 


10 

16 


13 

20 

ns 

t PZH 

E or E 

0 


13 

20 


10 

16 


13 

20 

ns 

tpzL 

E or E 

0 


13 

20 


10 

16 


13 

20 

ns 

Test Conditions: C L = 5pF, R L = 6670 (See Fig. C, page 2-174) | 

*PLZ 

E or E 

0 


13 

19 


10 

15 


13 

20 

ns 

l PHZ 

E or E‘ 



13 

27 


15 

23 


18 

27 

ns 

Test Conditions: C L = 45pF, R L = 6670 (See Fig. C, page 2-174) 

t PLH 

D 

0 


13 

20 


10 

15 


13 

19 

ns 

*PHL 

D 

0 


18 

25 


15 

21 


18 

25 

ns 

*PZH 

E or E 

0 


18 

25 


15 

21 


18 

25 

ns 

X PZL 

E or E 

0 


18 

25 


15 

21 


18 

25 

ns 


Note: AC specification shown under -55°C and +125°C are for 9LS devices only. All 50pF specifications are for 9LS devices only. 
*For LSI 25 use E and for LSI 26 use E. 


TRUTH TABLES 


9LS125 


INPUTS 

OUTPUT 

E' 

D 

L 

L 

L 

L 

H 

H 

H 

X 

(Z) 


9LS126 


INPUTS 

OUTPUT 

E 

D 

H 

L 

L 

H 

H 

H 

L 

X 

(Z) 


L = LOW Voltage Level 
H = HIGH Voltage Level 
X = Don't Care 
(Z) = High Impedance (off) 


I^RAYTHEON^ 
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LSI 32 


Quad 2-Input Schmitt-Trigger 



Recommended Operating Conditions 



9LS/54LS 

9LS/74LS 

Unit 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Supply voltage, Vqc 

4.5 

5.0 

5.5 

4.75 

5.0 

5.25 

V 

High level output current, Iqh 



-400 



-400 

mA 

Low-level output current, Iql 



4 



8 

mA 

Operating free-air temperature, 

-55 


+125 



70 

°C 


Electrical Characteristics Over Recommended Operating Free-Air Temperature Range 
(Unless Otherwise Noted) 


Parameter 

Test Conditions^ 

9LS/54LS 

9LS/74LS 

Unit 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Vy+ Positive-going threshold voltage 

< 

o 

o 

CJ1 

< 

1.4 

1.6 

1.9 

1.4 

1.6 

1.9 

V 

Vy_ Negative-going threshold voltage 

Hysteresis (Vy+-Vy_) 

< 

o 

o 

II 

CJ1 

< 

0.5 

0.8 

1.0 

0.5 

0.8 

1.0 

V 

Vcc = 5V 

0.4 

0.8 


0.4 

0.8 


V 

V|k Input clamp voltage 

V CC = MIN, l| = -18mA 


-0.65 

-1.5 


-0.65 

-1.5 

V 

VoH High-level output voltage 

V CC = MIN, l 0H = MAX, 

V| = VyJVIIN 

2.5 

3.4 


2.7 

3.4 


V 

Vql Low-level output voltage 

V CC = MIN, 

V| = Vy+MAX, Iql = MAX 


0.25 

0.40 


0.35 

0.50 

V 

Input current at 
ly+ 

positive-going threshold 

V C C = 5V, V, = Vy+ 


-0.14 



-0.14 


mA 

Input current at 
ly_ 

negative-going threshold 

V C C = 5V, V, = Vy_ 


-0.18 



-0.18 


mA 

Input current at 
li 

maximum input voltage 

vcc = MAX 

V, = 7V 



0.1 



0.1 

mA 

l|H High-level input current 

Vcc = MAX v, = 2.7V 



20 



20 

juA 

l|L Low-level input current 

V C C = MAX • V| L = 0.4V 



-0.4 



-0.4 

mA 

IqS Short-circuit output current 

v C c = max 

-15 


-100 

-15 


-100 

mA 

ICCH Supply Current High 

Vcc = max v in = ov 


8.6 

16 


8.6 

16 

mA 

ICCL Supply Current Low 

V CC = MAX V | (\j = 4.5V 


12 

21 


12 

21 

mA 


^For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
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Quad 2-Input Schmitt-Trigger 


LSI 32 


Switching Characteristics V cc = 5.0V Over Recommended Free-Air Temperature Range. 


Parameter 

From 

(Input) 

To 

(Output) 

9LS/54LS 


-55° C 

+25°C 

+ 125°C 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Test Conditions: C L = 15pF, R u = 2.0k (See Fig. A, page 2-174) 

t PLH 

A or B 

Y 


16 

24 


13 

20 


16 

24 

ns 

t PHL 


16 

24 


13 

20 


16 

24 

ns 

Test Conditions: C L = 50pF, R L = 2.0k (See Fig. A, page 2-174) 

tPLH 




E3 



17 

25 




ns 

t PHL 


gjgj 



17 

25 




ns 


PARAMETER MEASUREMENT INFORMATION 
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Threshold Voltage and Hysteresis V Vfl Vj— Hysteresis mV Vj|— Positive-Going Threshold Voltage— 


LSI 32 


Quad 2-Input Schmitt-Trigger 


TYPICAL CHARACTERISTICS 


POSITIVE-GOING THRESHOLD VOLTAGE 


vs 



Ta— Free-Air Temperature— °C 


NEGATIVE-GOING THRESHOLD VOLTAGE 
vs 


FREE-AIR TEMPERATURE 



Ta~ F ree-Air Temperature— °C 


HYSTERISIS 

vs 


FREE-AIR TEMPERATURE 



DISTRIBUTION OF UNITS 
FOR HYSTERESIS 



Vj+— Vj-— Hysteresis— mV 


THRESHOLD VOLTAGES AND HYSTERESIS 


vs 



Vcc— Supply Voltage-V 


OUTPUT VOLTAGE 
vs 



V|— Input Voltage-V 
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Quad 2-Input Schmitt-Trigger 


LSI 32 


TYPICAL APPLICATIONS DATA 


TTL SYSTEM 

I 



TTL SYSTEM INTERFACE 1 
FOR SLOW INPUT WAVEFORMS 






PULSE STRETCHER 


3 


[RAYTHEON 
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LSI 36 LS266 


Quadruple 2-Input Exclusive-OR, 
NOR Gates With Open-Collector Outputs 


PIN-OUT AND LOGIC DIAGRAMS 


LSI 36 

QUADRUPLE 2-INPUT EXCLUSIVE-OR WITH OPEN- 
COLLECTOR OUTPUTS 


LS266 

QUADRUPLE 2-INPUT EXCLUSIVE-NOR WITH OPEN 
COLLECTOR OUTPUTS 



Die Size .045 x .056 


positive logic: Y = A©B = AB + AB 


Die Size .045 x .056 


positive logic: Y = A©B = AB + AB 


Recommended Operating Conditions 



9LS/54LS 

9LS/74LS 

Unit 

Min 

Nom 

Max 

Min 

Nom 

Max 

Supply voltage, Vcc 

4.5 

5 

5.5 

4.75 

5 

5.25 

V 

High-level output voltage, Vqh 



5.5 



5.5 

V 

Low-level output current, Iql 



4 



8 

mA 

Operating free-air temperature, Ta 

-55 


125 

0 


70 

°C 


Electrical Characteristics Over Recommended Free-Air Temperature Range Confess Otherwise Noted) 


Parameter 

Test Conditions* 

9LS/54LS 

9LS/74LS 

Unit 

Min 

Typ** 

Max 

Min 

Typ** 

Max 

V| H 


2 



2 



V 

V|L 




0.7 



0.8 

V 

V| 

Vcc = MIN, l,=- 18mA 



-1.5 



-1.5 

V 

•oh 

V C c=MIN, V|h=2V, 

V|L = V|Lmax, Voh = 5.5V 



100 



100 

mA 

_i 

o 

> 

V CC =MIN, V, h -2V 

V|L=V|i_max 

lOL^mA 


0.25 

0.4 


0.25 

0.4 

V 

l0L = 8mA 





0.35 

0.5 

ll 

V C c = MAX, V|=7V 



0.2 



0.2 

mA 

•iH 

V C c=MAX, V,=2.7V 



40 



40 

m a 

•lL 

V C c=MAX, V,=0.4V 



-0.8 



-0.8 

mA 

•cc t 

LS266 

V CC =MAX, 


8 

13 


8 

13 

mA 

LSI 36 


6.1 

10 


6.1 

10 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

**AII typical values are at Vcc = 5V, Ta - 25°C. 

tlCC ' s nieasured with one input of each gate at 4.5V, the other inputs grounded, and the outputs open. 
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Quadruple 2-Input Exclusive-OR, 

-NOR Gates With Open-Collector Outputs 


LSI 36 LS266 


Switching Characteristics, Vp C = 5V Over Recommended Free-Air Temperature Range 


Parameter 

From 

(input) 

To 

(output) 

— 55°C 

+25°C 

+125°C 

Unit 

Min | Typ | Max 

Min | Typ | Max 

Min | Typ | Max 

Test Conditions: C L = 15pF, R u = 2kO (See Figure B on page 2-174) | 

tpLH 

A or B 

Other input 
low 


14 

18 


13 

17 


20 

26 

ns 

tPHL 


10 

16 


9 

14 


10 

16 

tpLH 

A or B 

Other input 
high 


12 

16 


13 

17 


8 

12 

ns 

tPHL 


10 

16 


18 

13 


7 

12 

Test Conditions: C 

l = 50pF, R l = ! 

2k Cl (See Figure B on page 2-174) 

tPLH 

A or B 

Other input 
low 


31 

35 


30 

35 


36 

42 

ns 

tPHL 


16 

23 


13 

19 


14 

21 

tPLH 

A or B 

Other input 
high 


30 

35 


31 

36 


35 

41 

ns 

tpHL 


19 

23 


13 

19 


13 

19 


Note: AC specification shown under -55°C and +125°C are for 9LS devices only. All 50pF specifications 
are for 9LS only. 
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LSI 38 LSI 39 


Decoders/Demultiplexers 


FEATURES 

■ LS138: 3-Line-to-8-Line Decoder 

1-of-8 Demultiplexer 

■ LSI 39: Dual 2-Line-to-4-Line Decoder 

Dual 1-of-4 Demultiplexer 

■ LSI 38 is expandable to 5-lines-to-32-lines decoder 
using 4 LS138's and one inverter. 

DESCRIPTION 

The LSI 38 decodes one-of-eight lines dependent on the 
conditions at the three binary select inputs and the three 
enable inputs. Two active-low and one active-high enable 
inputs reduce the need for external gates or inverters when 
expanding. A 24-line decoder can be implemented without 
external inverters and a 32-line decoder requires only one 
inverter. An enable input can be used as a data input for 
demultiplexing applications. 


PIN-OUT DIAGRAMS 


LSI 38 



6 7 8 9 

Die Size .063 x .069 


DATA OUTPUTS 

A 


Vcc YO Y1 Y2 Y3 Y4 Y5 Y6 

OtJGEQSQSIji'DliDlijDGp 


YO Y1 Y2 Y3 Y4 Y5 


C G2A G2B G1 Y7 


a 

V A B C, G2A G2B G1, Y7 GND 
SELECT ENABLE OUTPUT 


The LSI 39 comprises two individual two-line-to-four-line 
decoders in a single package. The active-low enable input 
can be used as a data line in demultiplexing applications. 

These circuits are designed to be used in high-performance 
memory-decoding and data-routing applications requiring 
very short delay times. 



LSI 38 

FUNCTION TABLE 


INPUTS 

OUTPUTS 

ENABLE 

SELECT 

G1 

G2* 

C 

B 

A 

YO 

Y1 

Y2 Y3 Y4 

Y5 Y6 

Y7 

X 

H 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

L 

X 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 


H 

L 

H 

H 

H 

H 

H 

H 

H 

L 

L 

H 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

L 

L 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

L. 

H 

L 

L 

H 

H 

H 

H 

L 

H 

H 

H 

H 

L 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 


*G2 = G2A + G2B 

H = high level, L = low level, X = don't care 


LSI 39 

FUNCTION TABLE (V 2 ) 


INPUTS ! 

OUTPUTS 

ENABLE 

G 

SELECT 

B 

A 

YO 

Y1 

Y2 Y3 

H 

X 

X 

H 

H 

I 

X 

L 

L 

L 

L 

H 

H H 

L 

L 

H 

H 

L 

H H 

L 

H 

L 

H 

H 

L H 

L 

H 

H 

H 

H 

H L 


H = high level, L = low level, X = don't care 


[raytheon^ 
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Decoders/Demultiplexers 


LSI 38 LSI 39 


LOGIC DIAGRAMS 



DATA 

OUTPUTS 



DATA 

OUTPUTS 


Recommended Operating Conditions 



9LS/54LS 

9LS/74LS 

Unit 

Min 

Nom 


MM 



Supply voltage, Vcc 

4.5 

5 

5.5 

4.75 

5 

5.25 

V 

High-level output current, Iqh 



-400 



-400 

MA 

Low-level output current, Iql 



4 



8 

mA 

Operating free-air temperature, 

-55 


125 

0 


70 

°C 


Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted) 


Parameter 

Test Conditions* 

9LS/54LS 

9LS/74LS 

Unit 


ESS 

uehi 

MM 

BOB 


V|H 


2 



2 



V 

VlL 




0.7 



0.8 

V 

V| 

V C c=MIN, l|=-18mA 



-1.5 



-1.5 

V 

V OH 

V C c=MIN, V| H =2V, 

V|L = V|Lmax, Ioh = “400,uA 

2.5 

3.4 


2.7 

3.4 


V 

V 0 L 

V C c=MIN, V|h=2V, 

V|L=V|Lmax 

IOL = 4mA 


0.25 

0.4 


0.25 

0.4 

V 

l 0L =8mA 





0.35 

0.5 

h 

V CC =MAX, V|=7V 



0.1 



0.1 

mA 

_ IlH 

V C c=MAX, V|=2.7V 



20 



20 

» A 

JlU 

V C c=MAX, V,=0.4V 



-0.4 



-0.4 

mA 

•os 1- 

v C c=max 

-15 


-100 

-15 


-100 

mA 

•cc 

V C c=MAX, 

Outputs enabled and open 

LS138 


6.3 

10 


6.3 

10 

mA 

LSI 39 


6.8 

11 


6.8 

11 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

* * All typical values are at V cc = 5 V, = 25°C. 
tNot more than one output should be shorted at a time. 
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LSI 38 LSI 39 


Decoders/Demultiplexers 


LSI 38 

Switching Characteristics, V cc = 5V Over Recommended Free-Air Temperature Range 


-55°C +25°C +125°C 


Typ Max Min Typ Max Min Typ 


Tost Conditions: C L = 15pF, R L = 2kO (See Fig. A, page 2-174) 



11 

16 

17 

24 




Test Conditions: C L = 50pF, R L = 2kO (See Fig. A, page 2-174) 

_____ 13 19 I 12 I 17 I 14 I 2C 

tpHL 2 Binary 23 31 22 29 26 32 

t PLH Select Any 17 24 17 23 23 2£ 

tpHL 3 26 35 25 32 28 36 

t PLH 0 11 16 12 18 15 2C 

tpHL 2 Ll A 23 30 24 33 26 3A 

tp|_ H „ Enabe AnV 18 24 18 23 24 3C 

t PHL ~| 3 | \ | 26 | 34 | | 24 I 32 | 28 | 37 

Note: AC specification shown under -55° C and +125°C are for 9LS devices only. All 50pF specifications are for 9LS devices only 


LSI 39 

Switching Characteristics, = 5V Over Recommended Free-Air Temperature Range 


-55°C I +25°C I +125°C 


(output) | Mln | Typ 


Test Conditions: C L = 15pF, R L = 2kH (See Fig. A, page 2-174) 


I I 12 

Binary 

Select Any 



Te»t Conditions: C L = 50pF, R L = 2kO (See Fig. A, page 2-174) 




Typ Max 


El 

mm 

El 

31! 

■i 

wmwm 

WBMBM 

mmmm 

30 


— 


■ 1 SI 

mmwmwaamm 


26 


15 

21 

wzm 

mm 

mm 

33 

18 

mm 

35 


20 

29 

mm 

mm 


14 

14 

\mm 

mm 


13 20 I ns 



Note: AC specification shown under -55 C and +125 C are for 9LS devices only. All 50pF specifications 
are for 9LS only. 












































































8-Line-To-1-Line Multiplexers 


LSI 51 LSI 52 


FEATURES pin-out diagrams 

■ Select one of eight data sources LSI 51 

■ Perform parallel-to-serial conversion 

■ LSI 51 has complementary outputs ; 

LSI 52 has inverting output only 

■ LSI-51 has strobe input 

DESCRIPTION 

These monolithic data selectors/multiplexers contain full 
on-chip binary decoding to select one-of-eight data sources. 

The LSI 51 has a strobe input which must be at a low logic 
level to enable the device. A high level at the strobe forces 
the W output high, and the Y output low. 

The LSI 51 features complementary W and Y outputs 
whereas the LSI 52 has an inverted (W) output only. 


6 5 4 



11 12 13 14 

Die Size .056 x .057 


DATA INPUTS DATA SELECT 


Vcc 4 5 6 7 A B C 

II] ED 03 QH DU 03 [ml 00 


04 D5 06 D7 


3 2 1 0 Y W qq GND 

N v / N — v — ' o 

DATA INPUTS OUTPUTS E 


LSI 51 

FUNCTION TABLE 


LSI 52 

FUNCTION TABLE 


| INPUTS 

OUTPUTS 

| SELECT 

STROBE 


W 

C 

B 

A 

S 


X 

X 

X 

H 

L 

H 

L 

L 

L 

L 

DO 

DO 

L 

L 

H 

L 

D1 

D1 

L 

H 

L 

L 

D2 

D2 

L 

H 

H 

L 

D3 

D3 

H 

L 

L 

L 

D4 

D4 

H 

L 

H 

L 

D5 

D5 

H 

H 

L 

L 

D6 

D6 

H 

H 

H 

L 

D7 

D7 


SELECT 

INPUTS 

OUTPUT 

W 

C 

B 

A 

L 

L 

L 

DO 

L 

L 

H 

D1 

L 

H 

L 

D2 

L 

H 

H 

D3 

H 

L 

L 

D4 

H 

L 

H 

D5 

H 

H 

L 

D6 

H 

H 

H 

D7 


H = high level, L = low level, X = don't care 
DO, D1 . . . D7 = the level of the D respective input 


LSI 52 


DATA INPUTS DATA SELECT 
VCC 5 6 7 A B C 



Die Size .056 x .057 


LOGIC DIAGRAMS 


(LS151 STROBE 



OUTPUT W (LS151 only) 
OUTPUT Y 
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LSI 51 LSI 52 


8-Line-To-1-Line Multiplexers 


Recommended Operating Conditions 



9LS/54LS 

9LS/74LS 

Unit 

Min 

Nom 

Max 

Min 

Nom 


Supply voltage, Vcc 

4.5 

5 

5.5 

4.75 

5 

HH 

V 

High-level output current, Iqh 



-400 




m a 

Low-level output current, Iql 



4 



8 

mA 

Operating free-air temperature, T A 

-55 


125 

0 


70 

°C 


Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted) 


Parameter 

Test Conditions* 

9LS/54LS 

9LS/74LS 

Unit 

Min 

Typ** 

Max 

Min 

Typ** 

rnmrn 

V IH 


2 



2 



V 

VlL 




0.7 



0.8 

V 

V| 

Vcc^MIN, l|=-1 8mA 



-1.5 



-1.5 

V 

VoH 

V C c=MIN, V| H =2V, 

V|L = V|Lmax loH =_ 400juA 

2.5 

3.4 


2.7 

3.4 


V 

V OL 

Vcc^MIN, V ih = 2V, 
V|L = V|[_max 

l0L =4mA 


0.3 

0.45 


0.25 

0.4 

V 

IOL = 8mA 





0.35 

0.5 

l| 

V C c=MAX, Vj=7V 



0.1 



0.1 

mA 

i IH 

V C c=MAX, V,=2.7V 



20 



20 

ma 

IlL 

V C c := MAX, V|=0.4V 



-0.4 



-0.4 

mA 

•os + 

V C c=MAX 

-15 


-100 

-15 


-100 

mA 

Icc 

Vcc = MAX, Outputs open 
All inputs at 4.5V 

LSI 51 


6.0 

10 


6.0 

10 

mA 

LSI 52 ; 


5.6 

9 


5.6 

9 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

**AII typical values are at V^c = 5V, T A = 25° C. 
tNot more than one output should be shorted at a time. 







8-Line-To-1-Line Multiplexers 


LSI 51 LSI 52 


Switching Characteristics, Vp C = 5V Over Recommended Free-Air Temperature Range 


Parameter 

From 

(input) 

To 

(output) 

— 55°C 

+25°C 

+ 1 25°C 

Unit 

Min | Typ | Max* 

Min | Typ 

Max * 

Min | Typ | Max* 

Test Conditions: C L = 15pF, R u = 2k a (See Fig. A, page 2-174) | 

tPLH 

A, B, or C 
(4 levels) 

W 

(54 LSI 51 only) 


15 

22 


15 

22 


18 

25 

ns 

tPHL 


19 

26 


18 

25 


20 

26 

tPLH 

tPHL 

A, B, or C 
(3 levels) 

Y 


24 

32 


24 

31 


29 

36 

ns 


21 

30 


20 

28 


22 

31 

tPLH 

Strobe 

W 

(54 LSI 51 only) 


12 

17 


11 

17 


13 

19 

ns 

tPHL 


13 

20 


13 

19 . 


14 

20 

tPLH 

Strobe 

Y 

(54 LSI 51 only) 


18 

26 


18 

26 


21 

29 

ns 

tPHL 


18 

27 


16 

24 


17 

25 

tPLH 

Any D 

W 

(54 LSI 51 only) 


8 

13 


9 

14 


11 

17 

ns 

tPHL 


6 

12 


5 

12 


6 

13 

tPLH 

Any D 

Y 


11 

18 


ii 

17 


13 

19 

ns 

tPHL 


14 

22 


_J4, 

20 


15 

22 

Test Conditions: C L = 50pF, R L = 2kH (See Fig. A, page 2-174) | 

tPLH 

A, B, or C 
(4 levels) 

W 

(54LS151 only) 


17 

24 


17 

24 


20 

27 

ns 

tPHL 


22 

31 


21 

29 


22 

31 

tPLH 

A, B, or C 
(3 levels) 

Y 


26 

33 


26 

32 


29 

38 

ns 

tPHL 


27 

37 


25 

35 


29 

38 

*PLH 

Strobe 

w 

(54 LSI 51 only) 


14 

20 


13 

19 


15 

21 

ns 

tPHL 


16 

24 


15 

23 


16 

24 

tPLH 

Strobe 

Y 

(54LS151 only) 


20 

28 


20 

27 


23 

30 

ns 

tPHL 


24 

35 


20 

31 


21 

32 

tPLH 

Any D 

W 

(54 LSI 51 only) 


9 

15 


10 

16 


13 

19 

ns 

tPHL 


9 

16 


8 

14 


8 

14 

tPLH 

Any D 

Y 


14 

20 


14 

19 


15 

21 

ns 

tPHL 


19 

30 


18 

27 


20 

29 


Note: AC specification shown under -55°C and +125°C are for 9LS devices only. All 50pF specifications ^Tentative data, subject 

are for 9LS only. to change without notice 
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LSI 53 


Dual 4-Line-To-1-Line Multiplexer 


FEATURES 

■ Permits multiplexing from N lines to 1 line 

■ Performs parallel-to-serial conversion 

■ Strobe (Enable) line provided for cascading (N lines 
to n lines) 

■ Non-inverting 

DESCRIPTION 

The LSI 53 is a high speed Dual 4-Line-to-1 -Line Multiplexer 
with common select inputs and separate strobe (enable) 
inputs for each half. Each half can select one bit of four and 
present it at the output in non-inverted form. 


LOGIC DIAGRAM 



PIN-OUT DIAGRAM 


*3 data 

STROBE uj INPUTS OUTPUT 
Vcc 2G < , a v 2Y 

^El^ GjDQpO^GiDlljD 



2C3 2C2 2C1 2C0 2Y| 


dD t§D E3 HD 

STROBE B ' v / 1Y GND 

1G DATA INPUTS OUTPUT 
SELECT 

13 12 11 10 



3 4 5 6 

Die Size .057 x .061 


FUNCTION TABLE 


SELECT 

INPUTS 

DATA INPUTS 

STROBE 

OUTPUT 

B 

A 

CO 

Cl 

C2 

C3 

G 

Y 

X 

X 

X 

X 

X 

X 

H 

L 

L 

L 

L 

X 

X 

X 

L 

L 

L 

L 

H 

X 

X 

X 

L 

H 

L 

H 

X 

L 

X 

X 

L 

L 

L 

H 

X 

H 

X 

X 

L 

H 

H 

L 

X 

X 

L 

X 

L 

L 

H 

L 

X 

X 

H 

X 

L 

H 

H 

H 

X 

X 

X 

L 

L 

L 

H 

Hi 

X 

X 

X 

H 

L 

H 


Select inputs A and B are common to both sections. 
H = high level, L = low level, X = don't care 
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Dual 4-Line-To-1-Line Multiplexer 


LSI 53 


Recommended Operating Conditions 



9LS/54LS 

9LS/74LS 

Unit 

Min 

Nom 

Max 

Min 

Nom 

Max 

Supply voltage, Vqc 

4.5 

5 

5.5 

4.75 

5 

5.5 

V 

High-level output current, Iqh 



-400 



-400 

MA 

Low-level output current, Ini 



4 



8 

mA 

Operating free-air temperature, 

-55 


125 

0 


70 

°C 


Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted) 


Parameter 

Test Conditions* 

9LS/54LS 

9LS/74LS 

Unit 

Min 

Typ** 

Max 

Min 

Typ** 

Max 

V|H 


2 



2 



V 

V,L 




0.7 



0.8 

V 

V| 

Vcc = MIN, l|=- 1 8mA 



-1.5 



-1.5 

V 

VOH 

V C c=MIN, V| H =2V, 
v IL =v IL max . I O H=-400 mA 

2.5 

3.4 


2.7 

3.4 


V 

O 

> 

V C c=MIN, V|h=2V, 

V| L =V|Lmax 

loL~4mA 


0.25 

0.4 


0.25 

0.4 

V 

l0L = 8mA 





0.35 

0.5 

ii 

V CC =MAX, V,=7.0V 



0.1 



0.1 

mA 

1 IH 

V C c=MAX, V,=2.7V 



20 



20 

At A 

IlL 

V C c = MAX, V|=0.4V 



-0.4 



-0.4 

mA 

•os+ 

v cc =max 

-15 


-100 

-15 


-100 

mA 

IcCL+t 

Vcc=MAX 


6.2 

10 


6.2 

10 

mA 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

* * All typical values are at V^c = 5 V, = 25°C. 

tNot more than one output should be shorted at a time. 
ttlcCL IS measured with the outputs open and all inputs grounded. 


Parameter 

From 

(input) 

To 

(output) 

-55°C 

+25°C 

+ 1 25°C 

Unit 

Min | Typ | Max 

Min | Typ | Max 

Min | Typ | Max 

Test Conditions: C L = 15pF, R L = 2kft (See Fig. A, page 2-174) j 

tpLH 

Data 

Y 


8 

13 


8 

13 


11 

16 

ns 

tpHL 

Data 

Y 


13 

18 


14 

18 


17 

22 

ns 

tpLH 

Select 

Y 


15 

21 


17 

22 


22 

28 

ns 

tpHL 

Select 

Y 


17 

23 


16 

21 


21 

26 

ns 

tpLH 

Strobe 

Y 


14 

20 


16 

21 


21 

26 

ns 

tpHL 

Strobe 

Y 


17 

23 


16 

21 


20 

25 

ns 

Test Conditions: C L = 50pF, R L = 2k O (See Fig. A, page 2-174) [ 

tPLH 

Data 

Y 


10 

15 


10 

15 


15 

22 

ns 

tpHL 

Data 

Y 


17 

23 


17 

22 


22 

27 

ns 

tPLH 

Select 

Y 


18 

24 


19 

24 


25 

30 

ns 

tpHL 

Select 

Y 


22 

27 


19 

25 


24 

30 

ns 

tpLH 

Strobe 

Y 


17 

23 


18 

23 


23 

28 

ns 

tpHL 

Strobe 

Y 


21 

27 


20 

24 


23 

28 

ns 


Note: AC specification shown under -55 C and +125 C are for 9LS devices only. All 50pF specifications 
are for 9LS only. 


^aytheonJ 
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LSI 55 LSI 56 


Dual 2-Line-To-4-Line 
Decoders/Dem u Iti plexers 


FEATURES 

■ LSI 56 has open-collector outputs 

■ Applications: 

Dual 2-Line-to-4-Line Decoder 
Dual 1-Line-to-4-Line Demultiplexer 
3-Line-to-8-Line Decoder 
1-Line-to-8-Line Demultiplexer 

DESCRIPTION 

These circuits feature dual 1 -line-to-4-l ine demultiplexers 
with individual strobes and common binary-address inputs 
in a single 16-pin package. When both sections are enabled 
by the strobes, the common binary-address inputs sequen- 
tially select and route associated input data to the appropri- 
ate output of each section. The individual strobes permit 
activating or inhibiting each of the 4-bit sections as desired. 
Data applied to input 1C is inverted at its outputs and data 
applied at 2C is not inverted through its outputs. The 
inverter following the 1C data input permits use as a 3-to-8- 
line decoder or 1-to-8-line demultiplexer without external 
gating. Input clamping diodes are provided on all of these 
circuits to minimize transmission-line effects and simplify 




FUNCTION TABLES 
2-LINE-TO-4-LINE DECODER 
OR 1-LINE-TO-4-LINE DEMULTIPLEXER 



FUNCTION TABLE 
3-LINE-TO-8-LINE DECODER 
OR 1-LINE-TO-8-LINE DEMULTIPLEXER 



tC = inputs 1C and 2C connected together 
fG = inputs 1G and 2G connected together 
H = high level, L = low level, X = don't care 
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Dual 2-Line-To-4-Line 
Decoders/Demultiplexers 


LSI 55 LSI 56 


Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted) 



9LS/54LS 

9LS/74LS 

Unit 

EM 

EZB 

JyJJJj 

TIM 

cna 

U22JI 

Supply voltage, Vcc 

4.5 

5 

5.5 

4.75 

5 

5.25 

V 

High-level output current, Iqh 



-400 



-400 

ma 

Output voltage, Vqh (LSI 56 only) 



5.5 



5.5 

V 

Low-level output, Iql 



4 



8 

mA 

Operating free-air temperature, T A 

-55 


125 

0 


70 

u c 


Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted) 


Parameter 

Test Conditions* 

9LS/54LS 

9LS/74LS 

Unit 

Min 

Typ** 

Max 

TIM 

am 




2 



mm 




E9HHNMMMM 








HSB 

OHHH1 

Vcc=MIN, l,=-18mA 






-1.5 

MM 

V OH 

V CC =MIN, V ih =2V, 

V|L = Vjj_max, I OH =-400 mA 


3.4 


a 

3.4 


V 

•oh 

V C c=WIIN, V| H =2V, 

V|L=V| L max, V 0 h= 5.5V (LS156only) 



100 



100 


VoL 

V C c=MIN, V| H =2V, 

V|L=V|Lmax 

l0L =4mA 


0.25 

0.4 


0.25 

0.4 

V 

IOL = 8mA 





0.35 

0.5 

l| 

V C c=MAX, V|=7V 



0.1 



0.1 

mA 

IlH 

V C c=MAX, V,=2.7V 



20 



20 

ma 

1 1 L 

Vcc = MAX, V,=0.4V 



-0.4 



-0.4 

mA 

lost 

V C c= MAX 

-15 


-100 

-15 


-100 

mA 

■cc + t 

V C c=MAX 


6.1 

10 


6.1 

10 

mA 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

* * All typical values are at Vcc = 5 V, T A = 25° C. 
tNot more than one output should be shorted at a time. 

ttlcc is measured with outputs open. A, B,and 1C inputs at 4.5V, and 2C, 1G, and 2G inputs grounded. 
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LSI 55 LSI 56 


Dual 2-Line-To-4-Line 
Decoders/Demultiplexers 



LSI 56 

































































Quadruple 2-Line-To-1 Line Multiplexers 


LSI 57 LSI 58 


DESCRIPTION 

These data selectors/multiplexers select a 4-bit word from 
one of two sources and present it at the four outputs. The 
LSI 57 presents true data; the LSI 58 presents inverted data. 


PIN-OUT DIAGRAMS 








LSI 57 LSI 58 


Quadruple 2-Line-To-1-Line Multiplexers 


Recommended Operating Conditions 



9LS/54LS 

9LS/74LS 

Unit 

Min 

Nom 

Max 

Min 

Nom 

Max 

Supply voltage, Vcc 

4.5 

5 

5.5 

4.75 

5 

5.25 

V 

High-level output current, Iqh 



-400 



-400 

HA 

Low-level output current, Iql 



4 



8 

mA 

Operating free-air temperature, T A 

-55 


125 

0 


70 

°C 


Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted) 


Parameter 

Test Conditions* 

9LS/54LS 

9LS/74LS 

Unit 

Min 

Typ** 

Max 

Min 

Typ** 

Max 

V|H 


2 



2 



V 

V| L 




0.7 



0.8 

V 

V| 

V C c=MIN, l,=-18mA 



-1.5 



-1.5 

V 

V OH 

V C c=MIN, V| H =2V, 

V| L =MAX, I O h=-400mA 

2.5 

3.4 


2.7 

3.4 


V 

< 

O 

r 

V C c=MIN, V| H -2V, 

Vu =MAX 

IOL = 4mA 


0.25 

0.4 


0.25 

0.4 

V 

loi = 8mA 





0.35 

0.5 

l| 

S or G input 

V C c = MAX, V|=7V 



0.2 

0.1 



0.2 

0.1 

mA 

A or B input 

IlH 

S or G input 

V CC =MAX, V|=2.7V 



40 



40 

iuA 

A or B input 



20 



20 

IlL 

S or G input 

V CC =MAX, V|=0.4V 



-0.8 



-0.8 

mA 

A or B input 



-0.4 



-0.4 

■os^ 

Vcc^MAX 

-15 


-100 

-15 


-100 

mA 

•cc +t 

Vcc^MAX, 

LSI 57 i 


9.7 

16 


9.7 

16 

mA 

LSI 58 


4.8 

8 


4.8 

8 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

**AII typical values are at Vcc = 5V, T A = 25° C. 

+Not more than one output should be shorted at a time. 

ttlcc ' s measured with 4.5V applied to all inputs and all outpus open. 
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Quadruple 2-Line-To-1 Line Multiplexers 


LSI 57 LSI 58 



Note: AC specification shown under “55 C and +125 C are for 9LS devices only. All 50pF specifications are for 9LS only. 
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LSI 60 LSI 62 


Synchronous BCD Decade Counters 
lsi 6i lsi 63 Synchronous 4-Bit Binary Counters 


FEATURES 

■ 4-bit synchronous counters 

■ Synchronously programmable 

■ Internal look-ahead counting 

■ Carry output for n-bit cascading 

■ Synchronous or asynchronous clear 

■ Advanced low-power Schottky technology 

■ 100% reliability assurance testing in compliance with 
Ml L -STD-883 

DESCRIPTION 

The LS160, LS161, LS162 and LS163 synchronous, pre- 
settable counts have internal look-ahead carry and ripple 
carry output for high-speed counting applications. The 
LSI 60 and LSI 62 are decade counters and the LSI 61 and 
LSI 63 are 4-bit binary counters. Counting or loading 
occurs on the positive transition of the clock pulse. A LOW 
level on the load input causes the data on the A, B, C and D 
inputs to be shifted to the appropriate Q outputs on the 
next positive clock transition. 

The LS160 and LS161 feature an asynchronous clear. A 
LOW level at the clear input sets the Q outputs LOW re- 
gardless of the other inputs. The LSI 62 and LSI 63 have a 
synchronous clear. A LOW level at the clear input sets the 
Q outputs LOW after the next positive clock transition 
regardless of the enable inputs. 

Both count-enable inputs P and T must be HIGH to count. 
Count enable T is included in the ripple carry output gate 
for cascading connection. 


PIN-OUT DIAGRAM 
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LSI 60 LSI 62 


Synchronous BCD Decade Counters 
Synchronous 4-Bit Binary Counters lsi6i lsi63 


LOGIC DIAGRAMS 


LSI 60 Synchronous 
Decade Counter 


CLR 

CLEAR 

CK 

CLOCK 






RIPPLE 

CARRY 



LSI 62 synchronous decade counters are similar; however, 
the clear is synchronous as shown for the LSI 63 binary 
counters. 


LSI 63 SYNCHRONOUS 
BINARY COUNTER 



LSI 61 synchronous binary counters are similar; however, 
the clear is asynchronous as shown for the LSI 60 decade 
counters. 


Raytheon"! 
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lsi 60 lsi 62 Synchronous BCD Decade Counters 

lsi 6i lsi 63 Synchronous 4-Bit Binary Counters 


Recommended Operating Conditions 




9LS/54LS 

9LS/74LS 




Min 

Nom 

Max 

Min 

Nom 

Max 


Supply voltage, V cc 

4.5 

5 

5.5 

4.75 

5.0 

5.25 

V 

High-level output current, Iqh 



-400 



-400 

mA 

Low-level output current, Iql 



4 



8 

mA 

Clock frequency, f c | oc k 

0 


25 

0 


25 

MHz 

Width of clock pulse, t w ( c | 0c |<) 

25 



25 



ns 

Width of clear pulse, t w ( c | ea r) 

20 



20 



ns 


Data inputs A, B, C, D 

0 



0 




Setup time, t setup (see Figures 3 and 4) 

Enable P or T 

20 



20 



ns 

Load 

20 



20 




ClearO 

20 



20 




Hold time, thold 

Data inputs A, B, C, D 

25H 



25 



ns 

Other inputs 

ion 



10 




Operating free-air temperature, 

-55 


125 

0 


70 

°C 


OThis applies only for LSI 62 and LS163, which have synchronous clear inputs. 

% The minimum hold time is as specified or as long as the clock input takes to rise from 0.8 V to 2 V, whichever is longer. 


Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted) 


Parameter 

Test Conditions* 

9LS/54LS 

9LS/74LS 

Unit 

Min 

Typ** 

Max 

Min 

Typ - 

Max 

V| H 


2 



2 



V 

Vil 




0.7 



0.8 

V 

v, 

V C c = MIN , l |=- 18 mA 



-1.5 



-1.5 

V 

V OH 

V CC =MIN, V m =2V, 

V|[_=V||_max, loH =- 400juA 

2.5 

3.4 


2.7 

3.4 


V 

_i 

O 

> 

V C c=MIN, Vjh=2V, 

V|L=V|L.max, 

loL = 4mA 


0.25 

0.4 


0.25 

0.4 

V 

l0L = 8mA 





0.35 

0.5 

l| 

Data or enable P 

V C c=MAX, V|=7V 



0.1 



0.1 

mA 

Load, clock, or 

enable T 



0.2 



0.2 

Clear (LS160,161 



0.1 



0.1 

Clear (LSI 62,1 63 



0.2 



0.2 

IlH 

Data or enable P 

V C c=MAX, V|=2.7V 



20 



20 

m a 

Load, clock, or 

enable T 



40 



40 

Clear (LS160,161! 



20 



20 

Clear (LSI 62,1 63) 



40 



40 

IlL 

Data or enable P 

Vcc^MAX, V|=0.4V 



-0.4 



-0.4 

mA 

Load, clock, or 

enable T 



- 0.8 



- 0.8 

Clear(LS160,161 ) 



-0.4 



-0.4 

Clear(LS162,163) 



- 0.8 



- 0.8 

•os+ 

v C c=max 

-15 


-100 

-15 


-100 

mA 

■CCH 

Vcc=MAX, See Note 1 


18 

31 


18 

31 

mA 

•CCL 

V CC =MAX, See Note 2 


19 

32 


19 

32 

mA 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

**AII typical values are at V^c = 5V, = 25° C. 

+ Not more than one output should be shorted at a time. 

NOTES: 

1 • ICCH is measured with the load input high, then again with the load input low, with all other inputs high and all outputs open. 

2. IcCL ' s measured with the clock input high, then again with the clock input low, with all other inputs low and all outputs open. 


^Raytheon]) 
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Synchronous BCD Decade Counters 
Synchronous 4-Bit Binary Counters 


LSI 60 LSI 62 


LSI 61 LSI 63 


Switching Characteristics, Vp C = 5V Over Recommended Free-Air Temperature Range 


Parameter 

From 

(input) 

To 

(output) 

— 55°C 

+25°C 

+ 1 25°C 

Unit 

Min | Typ | Max 

Min | Typ | Max 

Min | Typ | Max 

Test Conditions: C L = 15pF, R L = 2kfl (See Fig. 1 and 2 and Notes 3 and 4 and Fig. A, page 2-174) j 

fmax 






30 

40 





MHz 

tpLH 

Clock 

Ripple carry 


28 

39 


25 

35 


28 

39 

ns 

tPHL 


23 

KB 


K1H 





tpLH 


Any Q 


13 

E 


STil 

18 


mm 

M2M 

El 

tPHL 


mm 

MM 


15 

MrltW 


18 

mm 

tpLH 

WISM 



mm 



10 

18 


13 

22 


tPHL 



mm 


14 

20 


18 

24 

tPLH 

Esn 



mm 



15 

20 


18 

25 


tPHL 


mm 

mm 


9 

14 


13 

18 

tPHL 

Clear 

Any Q 


17 

32 


14 

28 


17 

32 

ns | 

Test Conditions: C L = 50pF, R L = 2kft (See Fig. 1 and 2 and Notes 3 and 4 and Fig. A, page 2-174) 

tPLH 

Clock 

Ripple carry 


31 

44 


28 

39 


31 

44 

ns 

tPHL 


26 

44 


23 

39 


26 

44 

tPLH 

Clock 

(load input high) 

Any Q 


16 

27 


13 

22 


16 

27 

ns 

tPHL 


21 

29 


18 

24 


21 

29 

tPLH 

Clock 

(load input low) 

Any Q 


16 

27 


13 

22 


16 

27 

ns 

tPHL 


21 

29 


17 

24 


21 

29 

tPLH 

Enable T 

Ripple carry 


21 

30 


18 

24 


21 

30 

ns 

tPHL 


16 

23 


12 

18 


16 

23 

tPHL 

Clear 

Any Q 


20 

37 


17 

32 


20 

37 

ns 


NOTES: 

3. Propagation delay for clearing is measured from the clear input for the LSI 60 and LSI 61 or from the clock input transition 
for the LSI 62 and LSI 63. 

4. AC specification shown under -55 C and +125 C are for 9LS devices only. All 50pF specifications are for 9LS only. 
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LSI 60 LSI 62 


Synchronous BCD Decade Counters 
lsi 6i lsi 63 Synchronous 4-Bit Binary Counters 


TYPICAL CLEAR, PRESET, COUNT, AND INHIBIT SEQUENCES 


CLEAR 
LSI 60 
CLEAR 
LSI 62 


U (AYNSCHRONOUS) 

i 

"LjJ (SYNCHRONOUS) 


DATA 

INPUTS 


LOAD 

fAJ 


b _r 

c _r 


i 


i 

i 


7 

l 



LSI 60 

cl l ^ 6 k 2 — 

ENABLE P 1 

Ji 1 

i 

ENABLE T ! ! 1 ! 

1 1 | 1 

— i 

fa A ! i 

L_j lj L_r 


Qb ! M 1 

OUTPUTS < ! : 

|Oc 1 I 1 


o 

o 

1 

1 

J 


1 ' 

RIPPLE CARRY ! i | 1 

OUTPUT 17 18 9 0 1 2 3 



i i 7 k* * u ■ z 
I | |« COUNT f INHIBIT 


FIGURE 1 


LSI 60, LSI 62 

Illustrated below is the following sequence: 

1 . Clear outputs to zero 

2. Preset to BCD seven 

3. Count to eight, nine, zero, one, two, and three 

4. Inhibit 


CLEAR PRESET 


Clear . 

LS161 
CLEAR • 
LSI 63 


U (ASYNCHRONOUS) 


LOAD 

r . 


"1_LT (SYNCHRONOUS) 

-fu 


DATA 

INPUTS 


B 

cJ 


d _r 


CLOCK - 
LS161 
CLOCK ■* 
LSI 63 
ENABLE P. 

ENABLE T . 

f0A ] 


"^TiJiJTJxriJiiTJi^TrLn_r 


OUTPUTS < 


q b 

Q C 

q d ; 

RIPPLE CARRY _ 
OUTPUT 


IIILJ 


I I 


12 13 14 15 0 1 

COUNT 


- INHIBIT- 


CLEAR PRESET 


FIGURE 2 


LS161, LSI 63 

Illustrated below is the following sequence: 

1 . Clear outputs to zero 

2. Preset to binary twelve 

3. Count to thirteen; fourteen fifteen, zero, 
one, and two 

4. Inhibit 
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LSI 60 LSI 62 


Synchronous BCD Decade Counters 
Synchronous 4-Bit Binary Counters LSi6i lsi63 


FIGURE 1 


PARAMETER MEASUREMENT INFORMATION 



3V 

OV 

3V 

OV 

3V 

OV 

3V 

OV 

VOH 

VOL 

v OH 

v OL 

3V 

OV 

v OH 

v OL 

3V 

OV 

VOH 

V 0 L 

v OH 

VqL 


NOTES: 

A. The input pulses are supplied by generators having the following characteristics: PRR < 1 MHz, duty cycle < 50%, Z out « 50 £2; 
t r < 1 5 ns, tf < 6 ns. 

B. Enable P and enable T setup times are measured at t n = 0. 
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LSI 60 LSI 62 


Synchronous BCD Decade Counters 
Synchronous 4-Bit Binary Counters 


LSI 61 LSI 63 


FIGURE 4 

PARAMETER MEASUREMENT INFORMATION 


■*w(clock) 



NOTES' VOLTAGE WAVEFORMS 

A. The input pulses are supplied by a generator having the following characteristics: PRR < 1 MHz, duty cycle < 50%, Z out «=* 50 f2: t r < 1 5 ns, 
tf < 6 ns. Vary PRR to measure f max . 

B. Outputs and carry are tested at t n +io LSI 60, LSI 62, and at t n +-)6 f° r LSI 61, LSI 63 where t n is the bit time when all outputs are low. 


TYPICAL APPLICATION DATA 

N-BIT SYNCHRONOUS COUNTERS 


I his application demonstrates how the look-ahead carry circuit can be used to implement a high-speed n-bit counter. The 
LS160 or LS162 will count in BCD and the LS163 will count in binary. Virtually any count mode (modulo-N, N-j-to N 2 , 
N^-to-maximum) can be used with this fast look-ahead circuit. 



TO MORE 
S- SIGNIFICANT 
STAGES 
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8-Bit Parallel-Out Serial Shift Registers 


LSI 64 


FEATURES 

■ Gated (Enable/Disable) Serial Inputs 

■ Fully Buffered Clock and Serial Inputs 

■ Asynchronous Clear 

DESCRIPTION 

These 8-bit shift registers feature gated serial inputs and an 
asynchronous clear. The gated serial inputs (A and B) permit 
complete control over incoming data as a low at either (or 
both) input(s) inhibits entry of the new data and resets the 
first flip-flop to the low level at the next clock pulse. A 
high-level input enables the other input which will then 
determine the state of the first flip-flop. Data at the serial 
inputs may be changed while the clock is high or low, but 
only information meeting the setup requirements will be 
entered. Clocking occurs on the low-to-high-level transition 
of the clock input. All inputs are diode-clamped to minimize 
transmission-line effects. 

9LS/54LS devices are characterized for operation over the 
full military temperature range of — 55° C to 125°C; 9LS/ 
74 LS devices are characterized for operation from 0°C to 
70°C. 


PIN-OUT DIAGRAM 


LSI 64 


cc g 

V CC Q H °G °F Q E 3 § 



A B Qg Qg Qq Gi\ID 


SERIAL OUTPUTS 
INPUTS 


FUNCTION TABLES 


INPUTS 

OUTPUTS 

CLEAR 

CLOCK 

A 

B 

q A 

Qb- 

Qh 

L 

X 

X 

X 

L 

L 

L 

H 

L 

X 

X 

°A0 

Qbo 

Qho 

H 

t 

H 

H 

H 

QAn 

QGn 

H 

t 

L 

X 

L 

c 

< 

a 

°Gn 

H 

t 

X 

L 

L 

°An 

°Gn 


H = high level (steady state), L = low level (steady state) 

X = irrelevant (any input, including transitions) 
t = transition from low to high level. 

QAO' Cf30' ^HO = th 0 ,eve l of Qa, Qb or Qh» respectively, before the indicated 
steady state input conditions were established. 

QAm ^Gn = the leve * °f Q A or before the most recent t transition of the 
clock; indicates a one-bit shift. 


TYPICAL CLEAR, SHIFT, AND CLEAR SEQUENCES 


CLEAR | ^j 


SERIAL 

INPUTS 


CLOCK 




Q 


OUTPUTS 



I 


CLEAR 


LT 

i_n L 


i L_r~i j 

j i_ri | 

i i_rn | 

i L_nJ 

i l_H 



jtL 


i 

CLEAR 
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LSI 64 


8-Bit Parallel-Out Serial Shift Registers 



Recommended Operating Conditions ° A 



9LS/54LS 

9LS/74LS 

Unit 






EEQI 

Supply voltage, Vcc 

4.5 

5 


4.75 

5 



High-level output current, Iqh 



lEPISl 



-400 


Low-level output current, Iql 



4 



8 

BB1MI 

Clock frequency, f c iock 

0 


25 

0 


25 

MHz 

Width of clock or clear input pulse, t w 

20 



20 



ns 

Data setup time, t setup (see Figure 1) 

15 



15 



ns 

Data hold time, thoid (see Figure 1) 

5 



5 



ns 

Operating free-air temperature, 

-55 


125 

0 


70 

°C 


Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted) 


Parameter 

Test Conditions* 

9LS/54LS 

9LS/74LS 

Unit 

Min 

Typ** 

Max 

Min 

Typ** 

Max 

V| H 


2 



2 



V 

V|L 




0.7 



0.8 

V 

V| 

V CC =MIN, l, = -18mA 



-1.5 



-1.5 

V 

v OH 

V CC =MIN, V| H =2V, 
v IL = V|i_max, I OH = -400juA 

2.5 

3.5 


2.7 

3.5 


V 

V OL 

V C c=MIN, V|h=2V, 
V|L=Vu_max 

Iql - 4mA 


0.25 

0.4 


0.25 

0.4 

V 

loL = 5mA 





0.35 

0.5 

l| 

V CC =MAX, V| =7V 



0.1 



0.1 

mA 

IlH 

V CC =MAX, V,=2.7V 



20 



20 

juA 

IlL 

V C c=MAX, V,=0.4V 

-15 


-0.4 

-100 



-0.4 

mA 

•ost 

V CC =MAX 

-15 


-100 

mA 

Icctt 

v C c = max 


16 

27 


16 

27 

mA 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

**AII typical values are at Vcc = 5V, Ta = 25° C. 
tNot more than one output should be shorted at a time. 

ttlcc is measured with outputs open, serial inputs grounded, the clock input at 2.4V, and a momentary ground, then 4.5V applied to clear. 


Switching Characteristics, V cc = 5V Over Recommended Free-Air Temperature Range 


Note: AC specification shown 
under -55°C and +125°C 
are for 9LS devices only. 
All 50pF specifications 
are for 9LS only. 


Parameter 

— 55°C 

+25°C 

+125°C 

Unit 

Min | Typ | Max 

Min | Typ | Max 

Min | Typ | Max 

Test Conditions: C u = 15pF, R L = 2kLL (See Fig. 1, page 2-95 and Fig. A, page 2-174) j 

tmax 




25 

36 





MHz 

tpHL 


26 

38 


24 

36 


26 

38 

ns 

tpLH 


20 

30 


17 

27 


20 

30 

ns 

tpHL 


24 

35 


21 

32 


24 

35 

ns 

Test Conditions: C L = 50pF, R L = 2k fl (See Fig. 1, page 2-95 and Fig. A, page 2-174) j 

tpHL 


29 

42 


27 

40 


29 

42 

ns 

tPLH 


23 

34 


20 

31 


23 

34 

ns 

tPHL 


27 

39 


24 

36 


27 

39 

ns 
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8-Bit Parallel-Out Serial Shift Registers 


LSI 64 


FIGURE 1 

PARAMETER MEASUREMENT INFORMATION 



VOLTAGE WAVEFORMS 

NOTES: A. Q./\ output is illustrated. Relationship of serial input A and B data to other Q outputs is illustrated in the typical shift sequence: 
B. Outputs are set to the high level prior to the measurement of tpHL from the clear input. 
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LSI 70 


4-By-4 Register Files with 
Open-Collector Outputs 


FEATURES 

■ Separate Read/Write Addressing Permits Simultaneous 
Reading and Writing 

■ Fast Access Times . . . Typically 20 ns 

■ Organized as 4 Words of 4 Bits 

■ Expandable to 1024 Words of n-Bits 

■ For Use as: 

Scratch-Pad Memory 

Buffer Storage between Processors 

Bit Storage in Fast Multiplication Designs 

■ Open-Collector Outputs with Low Maximum Off-State 
Current: .... 20/^A 


DESCRIPTION 

The 'LSI 70 MSI 16-bit TTL register file incorporates the 
equivalent of 98 gates. The register file is organized as 4 
words of 4 bits each and separate on-chip decoding is pro- 
vided for addressing the four word locations to either write- 
in or retrieve data. This permits simultaneous writing into 
one location and reading from another word location. 

Four data inputs are available which are used to supply the 
4-bit word to be stored. Location of the word is determined 
by the write-address inputs A and B in conjunction with a 
write-enable signal. Data applied at the inputs should be in 
its true form. That is, if a high-level signal is desired from 
the output, a high level is applied at the data input for that 
particular bit location. The latch inputs are arranged so that 
new data will be accepted only if both internal address gate 
inputs are high. When this condition exists, data at the D in- 
put is transferred to the latch output. When the write-enable 
input, Gw, is high, the data inputs are inhibited and their 
levels can cause no change in Lite information stored in ine 
internal latches. When the read-enable input, Gr, is high, 
the data outputs are inhibited and remain high. 


PIN-OUT DIAGRAM 
LSI 70 



Die Size .090 x .068 


The individual address lines permit direct acquisition of 
data stored in any four of the latches. Four individual de- 
coding gates are used to complete the address for reading a 
word. When the read address is made in conjunction with 
the read-enable signal, the word appears at the four outputs. 

This arrangement— data-entry addressing separate from data- 
read addressing and individual sense line— eliminates re- 
covery times, permits simultaneous reading and writing, and 
is limited in speed only by the write time (30 nanoseconds 
typical) and the read time (25 nanoseconds typical). The 
register file has a nondestructive readout in that data is 
not lost when addressed. 


LOGIC 

WRITE FUNCTION TABLE (SEE NOTES A, B, AND C) 


READ FUNCTION TABLE (SEE NOTES A AND D) 


READ INPUTS 

OUTPUTS j 

Rb 

Ra 

Gr 

Q1 

Q2 

Q3 

Q4 

L 

L 

L 

W0B1 

W0B2 

W0B3 

W0B4 

L 

H 

L 

W1B1 

W1B2 

W1B3 

W1B4 

H 

L 

L 

W2B1 

W2B2 

W2B3 

W2B4 

H 

H 

L 

W3B1 

W3B2 

W3B3 

W3B4 

X 

X 

H 

H 

H 

H 

H 


WRITE INPUTS 

WORD | 

w B 

W A 

G W 

0 

i 

2 

3 

L 

L 

L 

Q = D 

Qo 

Qo 

Qo 

L 

H 

L 

Qo 

Q = D 

Qo 

Qo 

H 

L 

L 

Qo 

Qo 

Q = D 

Q o 

H 

H 

L 

Qo 

Qo 

Qo 

Q = D 

X 

X 

H 

Qo 

Qo 

Qo 

Qo 


NOTES: A. H = high level, L = low level, X = irrelevant. 

B. (Q = D) = The four selected internal flip-flop outputs will assume the states applied to the four external data inputs. 

C. Qq = the level of Q before the indicated input conditions were established. 

D. W0B1 = The first bit of word 0, etc. 
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4-By-4 Register Files with 
Open-Collector Outputs 


LSI 70 


FUNCTIONAL BLOCK DIAGRAM 


'LS170 



OUTPUTS 
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LSI 70 


4-By-4 Register Files with 
Open-Collector Outputs 


Recommended Operating Conditions 



9LS/54LS 


Unit 


pm 



pm 

Pllll 

Supply voltage, V 00 

4.5 

5 


hTbsi 

5 

ms 

mm 

High-level output voltage, Vqh 




■ 


pm 

mm 

Low-level output current, Iql 



4 



8 


Width of write-enable or read-enable pulse, t w 

25 






■ 

Setup times, high- or low-level data 

Data input with respect to 
write enable, t su (Q) 

10 



10 




Write select with respect to 
write enable, t su (w) 

15 



15 



ns 

Hold times, high- or low-level data 

(see Note 1 and Figure 2) 

Data input with respect to 
write enable, t^(Q) 

15 



15 



ns 

Write select with respect to 
write enable, tj 1 (w) 

5 



5 



ns 

Latch time for new data, t| atc h (see Note 2) 

25 



25 



ns 

Operating free-air temperature range, 

-55 

ZJ 


125 

0 


70 

°C 


NOTES: 1. Write-select setup time will protect the data written into the previous address. If protection of data in the previous address is 
not required, t su (w) can be ignored as any address selection sustained for the final 30 ns of the write-enable pulse and during 
t h(W) w iH result in data being written into that location, Depending on the duration of the input conditions, one or a number 
of previous addresses may have been written into. 

2. Latch time is the time allowed for the internal output of the latch to assume the state of new data. See Figure 2. This is im- 
portant only when attempting to read from a location immediately after that location has received new data. 


Electrical Characteristics Over Recommended Operating Free-Air Temperature Range 
(Unless Otherwise Noted) 


Parameter 

Test Conditions* 

9LS/54LS 

9LS/74LS 



Bil 


Min. 

REj$ 

ffm 

V|h High-level input voltage 


2 



2 




V||_ Low-level input voltage 







0.8 


Vj Input clomp voltage 

V00 = MIN, 1 1 =-18 mA 





- 1.5 

mm 

Iqh High-level output current 

V00 = MIN, Vqr = 5.5V, 

V| l = V, L max, V|r = 2V 







Q 

Vql Low-level output voltage 

V C 0 = MIN, 

V m = 2V, 

V| l = V| l max 

Iql = ^ mA 


0.25 



0.25 

Q 

1 

Iql = 8 mA 





0.35 


Input current at 

h 

maximum input voltage 

Any D, R, or W 

V CC = MAX, V, = 7V 



0.1 



ED 

Q 

Gr or Gyy 



0.2 




l|H High-level input current 

Any D, R, or W 

V CC = MAX, V, = 2.7V 



20 




B 

Gr or Gyy 



40 



m 

l|L Low-level input current 

Any D, R, or W 

V C 0 = MAX, V, = 0.4V 



-0.4 




mA 

Gr or Gyy 



-0.8 



- 0.8 

|00 Supply current 

V CC = MAX, See Note 3 


25 

40 

1 

25 

40 

mA 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

+AII typical values are at Vcc = 5V, T/\ = 25°C. 

NOTE 3 . 1 0 Q is measured under the following worst-case conditions: 4.5 V is applied to all data inputs and both enable inputs, all ad- 
dress inputs are grounded, and all outputs are open. 
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4-By-4 Register Files with 
Open-Collector Outputs 


LSI 70 


Switching Characteristics V cc = 5.0V Over Recommended Free-Air Temperature Range. 


Parameter 

From 

(Input) 

To 

(Output) 

-55° C 

+25°C 

+ 125°C 

Unit 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Test Conditions: R L = 2.0k, C L = 15pF, (See Figs. 1 and 2 and Fig. B, page 2-174) | 

t PLH 

Read 

enable 

Any Q 


22 

34 


20 

30 


23 

34 

ns 

t PHL 


22 

34 


20 

30 


23 

34 

t PLH 

Read 

select 

Any Q 


26 

44 


25 

40 


28 

44 

ns 

t PHL 


27 

44 


24 

40 


27 

44 

fPLH 

Write 

enable 

Any Q 


33 

49 


30 

45 


33 

49 

ns 

t PHL 


29 

44 


25 

40 


28 

44 

tPLH 

Data 

Any Q 


32 

49 


30 

45 


33 

49 

ns 

t PHL 


25 

39 


22 

35 


25 

39 

Test Condition: R L = 2.0k, C L = 50pF, (See Figs. 1 and 2 and Fig. B, page 2-174) | 

tPLH 

Read 

enable 

Any Q 


27 

39 


24 

35 


27 

39 

ns 

t PHL 


27 

39 


24 

35 


27 

39 

t PLH 

Read 

select 

Any Q 


32 

49 


29 

45 


32 

49 

ns 

t PHL 


31 

49 


28 

45 


31 

49 

t PLH 

Write 

Any Q 


37 

54 


34 

50 


37 

54 

ns 

t PHL 


32 

49 


29 

45 


32 

49 

tPLH 

Data 

Any Q 


37 

54 


34 

50 


37 

54 

ns 

t PHL 


29 

44 


26 

40 


29 

44 


PARAMETER MEASUREMENT INFORMATION 



FIGURE 1 


OUTPUT 

Q1. 02, Q3 or Q4 J 

WRITE-ENABLE 
INPUT G W 

iG \ 

/ 

^v ref 


i 

tPLH 

DATA INPUT \ 

D1, D2, D3 or D4 ret 1 

^Vref 


VOLTAGE WAVEFORM 1 



FIGURE 2 


NOTES: 


A. High-level input pulses at the select and data inputs are illustrated in Figure 1; however, times associated with low-level 
pulses are measured from the same reference points. 

B. When measuring delay times from a read-select input, the read-enable input is low. When measuring delay times from the 
read-enable input, both read-select inputs have been established at steady states. 

C. In Figure 2, each select address is tested. Prior to the start of each of the above tests, both write and read address inputs are 
stabilized with W/\ = R/\ and \Nq = R0. During the test Gr is low. 

D. Input waveforms are supplied by generators having the following characteristics: PRR < 1 MHz, Z out « 50 f l , duty cycle 
< 50%, t r < 1 5 ns and tf < 6 ns. 

E- V ref = 1 .3 V. 
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LSI 74 


Hex D-Type Flip-Flops With Clear 


LSI 75 


Quadruple D-Type Flip-Flops With Clear 


FEATURES 

■ Positive edge-triggered common clock 

■ Asynchronous common reset 

■ Clock-to-output delays of 14 ns 

DESCRIPTION 

The LSI 74 is a six-bit register with single-rail outputs and 
the LSI 75 is a four-bit register with complementary out- 
puts. Both consist of D-type flip-flops with a buffered 
common clock and an asynchronous, active-Low buffered 
clear. 

Information at the D inputs meeting the setup time re- 
quirements is transferred to the Q outputs on the positive- 
going edge of the clock pulse. Clock triggering occurs at a 
particular voltage level and is not directly related to the 
transition time of the positive-going pulse. When the clock 
input is at either the high or low level, the D input signal 
has no effect at the output. 

FUNCTION TABLE 
(EACH FLIP-FLOP) 


INPUTS ! 

OUTPUTS 

CLEAR CLOCK 

D 

0 

01 

L 

X 

X 

L H 

H 

t 

H 

H L 

H 

t 

L 

L H 

H 

L 

X 

Qo Q o 


H = high level (steady state) 

L = low level (steady state) 

X = irrelevant 

t = transition from low to high level 
Qo = the level of Q before the indicated steady state 
input conditions were established. 
t= LSI 75 only 


PIN-OUT DIAGRAMS 

LSI 74 1 
Vcc 6Q 6D 5D 5Q 40 4Q 


CK 



12 11 10 


Die Size .056 x .085 



LSI 75 


11 10 



Vcc 4Q 4Q 4D 3D 3Q 3Q CK 

im] o?) [m] nii nil gh nsiriL 



is. 



n 

HS 

[ J 




re 



Die Size .056 x .085 


□ EmElBmCLllI] 

CLR IQ IQ ID 2D 2Q 2Q GND 


LOGIC DIAGRAMS 
LSI 74 


ID 


2D 


5D 


6D 



LSI 75 


ID 


3D 



IQ IQ 


3Q 3Q 


4Q 4Q 
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Hex D-Type Flip-Flops With Clear 
Quad ruple D-Type Flip-Flops With Clear 


LSI 74 


LSI 75 


Recommended Operating Conditions 



9LS/54LS 

9LS/74LS 

Unit 

Min 

Nom 

Max 

Min 

Nom 

Max 


wm 


§fH9 


5 

EES 

■■ 




E El 





Low-level output current, Iol 



4 



8 

■SUB 

Clock frequency, f C iock 

0 


35 

0 


Ea 

mhzhk 

Width of clock pulse, t w (Low) 

15 



15 


mm 

ESI 

Width of clear pulse, t w (Low) 

20 



20 



ns 

Setup time 

Data input t^o 

10 



10 



ns 

Clear recovery, t rec 

12 



12 



ns 

Data hold time, thold 

5 



5 



ns 

Operating free-air temperature, 

-55 


125 

0 


70 

°C 


t S etup * s th e minimum time required for the correct logic level to be present at the data input prior to the rising edge of the clock in order to 
be recognized and transferred to the output. 

thold ' s the minimum time required for the logic level to be maintained at the data input after the rising edge of the clock in order to insure 
recognition. 

t rec ' s the minimum time required between the end of the clear pulse and the rising edge of the clock in order to transfer High data to the Q 
output. 


Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted) 


Parameter 

Test Conditions* 

9LS/54LS 

9LS/74LS 

Unit 

Min 

Typ** 

Max 

Min 

Typ** 

Max 

V |H 


2 



2 



V 

V|L 




0.7 



0.8 

V 

V, 

Vcc = MIN, lj = -18mA 



-1.5 



-1.5 

V 

V OH 

V CC =MIN, V| H =2V, 

V||_=VjLmax, l O H = "400juA 

2.5 

3.5 


2.7 

3.5 


V 

V OL 

V C c=MIN, V| H =2V, 
V|L=V|Lmax 

IOL = 4mA 


0.25 

0.4 


0.25 

0.40 

V 

IOL = 8mA 





0.35 

0.5 

l| 

V CC =IVIAX, V,=7V 



0.1 



0.1 

mA 

IlH 

V CC =MAX, V|=2.7V 



20 



20 

MA 

IlL 

V C c=MAX, V,=0.4V 



-0.4 



-0.4 

mA 

•os 1- 

V C c = MAX 

-15 


-100 

-15 


-100 

mA 

, cc +t 

v cc =max 

LSI 74 


16 

26 


16 

26 

mA 

LSI 75 


11 

18 


11 

18 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

**AII typical values are at Vcc = 5V, = 25°C. 

tNot more than one output should be shorted at a time. 

ttWith all outputs open and 4.5V applied to all data and clear inputs, Iqq is measured, after a momentary ground, then 4.5V is 
applied to clock. 
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LSI 74 


Hex D-Type Flip-Flops With Clear 
Quadruple D-Type Flip-Flops With Clear 


LSI 75 


Switching Characteristics, V cc = 5V Over Recommended Free-Air Temperature Range 


Parameter 

From 

To 

-55° C 

+25° C 

+ 125°C 

Units 


(Input) 

(Output) 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 


Test Conditions: Cj_ = 15pF, R 

l_ = 2k£2 (See Figure A on page 2-174) 







^max 

maximum clock 
frequency 




35 

45 





MHz 

*plh 

clear 

(LSI 75 only) 

Q 


19 

25 


19 

25 


25 

31 

ns 

t PHL 

clear 

(LSI 75 only) 

Q 


23 

29 


19 

25 


22 

27 

ns 

t PLH 

clock 

Q or Q 


14 

20 


13 

17 


14 

19 

ns 

l PHL 

clock 

Q or Q 


16 

23 


13 

18 


13 

18 

ns 

Test Conditions: Cj_ = 50pF, R 

L = 2kS7 (See Figure A on page 2-1 74) 

1 

X PLH 

clear 

(LSI 75 only) 

Q 


21 

27 


22 

27 


28 

35 

ns 

tpHL 

clear 

(LSI 75 only) 

Q 


25 

33 


23 

28 


25 


ns 

Vlh 

clock 

Q or Q 


■a 

22 


m 

m 


17 

s 

ns 

Vhl 

clock 

Q or Q 


20 

28 


17 

23 


17 

22 

ns 


Note: AC specification shown under -55°C and +125°C are for 9LS devices only. All 50pF specifications 
are for 9LS only. 


^RAYTHEON^ 


2-102 










LSI 81 


4-Bit Arithmetic Logic Unit 


FEATURES 

■ Provides 16 arithmetic operations 

■ Provides 16 logic operations 

■ Full look-ahead for high-speed arithmetic operation 
on long words 


DESCRIPTION 

The LS181 is an arithmetic logic unit (A LU)/f unction 
generator which has a complexity of 75 equivalent gates on 
a monolithic chip. This circuit performs 16 binary arithme- 
tic operations on two 4-bit words as shown in Tables 1 and 
2. These operations are selected by the four function-select 
lines (SO, SI, S2, S3) and include addition, subtraction, de- 
crement, and straight transfer. When performing arithmetic 
manipulations, the internal carries must be enabled by 
applying a low-level voltage to the mode control input (M). 
A full carry look-ahead scheme is made available in these 
devices for fast, simultaneous carry generation by means of 
two cascade-outputs (pins 15 and 17) for the four bits in 
the package. When used in conjunction with the 182, full 
carry ahead look-ahead circuits, high-speed arithmetic 
operations can be performed. 

If high speed is not of importance, a ripple-carry input 
(C n ) and a ripple-carry output (C n + 4 ) are available. 
However, the ripple-carry delay has also been minimized so 
that arithmetic manipulations for small word lengths 
can be performed without external circuitry. 

The LSI 81 will accommodate active-high or active-low 
data if the pin designations are interpreted as follows: 


Subtraction is accomplished by Vs complement addition 
where the 1 's complement of the subtrahend is generated 
internally. The resultant output is A-B-1 which requires an 
end-around or forced carry to provide A-B. 

The LSI 81 can also be utilized as a comparator. The 
A = B output is internally decoded from the function outputs 
(FO, FI, F2, F3) so that when two words of equal magni- 
tude are applied at the A and B inputs, it will assume a high 
level to indicate equality (A = B). The ALU should be in 
the subtract mode with C n = H when performing this com- 
parison. The A = B output is open-collector so that it can 
be wire-AND connected to give a comparison for more than 
four bits. The carry output (C n+ 4 ) can also be used to 
supply relative magnitude information. Again, the ALU 
should be placed in the subtract mode by placing the 
function select inputs, S3, S2, SI, SO at L, H, H, L, 
respectively. 


INPUT C n 

OUTPUT C n+4 

ACTIVE-HIGH DATA 

(FIGURE 1) 

ACTIVE-LOW DATA 

(FIGURE 2) 

H 

H 

> 

/A 

CD 

A > B 

H 

L 

A > B 

A < B 

L 

H 

A < B 

A > B 

L 

L 

A 5* B 

A « B 


These circuits have been designed to not only incorporate 
all of the designer's requirements for arithmetic operations, 
but also provide 16 possible functions of two Boolean vari- 
ables without the use of external circuitry. These logic 
functions are selected by use of the four function-select 
inputs (SO, SI, S2, S3) with the mode-control input (M) 
at a high level to disable the internal carry. The 16 logic 
functions are detailed in Tables 1 and 2 and include 
exclusive-OR, NAND, AND, NOR, and OR functions. 


PIN NUMBER 

2 

1 

23 

22 

21 

20 

19 

18 

9 

10 

11 

13 

7 

16 

15 

17 

Active-low data (Table 1) 

A 0 

BO 

Al 

Bl 

A2 

B2 

A 3 

B3 

FO 

Fl 

(=2 

F3 

C n 

Cn+4 

X 

Y 

Active-low data (Table 2) 

AO 

BO 

Al 

Bl 

A 2 

B2 

A3 

B 3 

F 0 

n 

F 2 

f 3 

Cn 

Cn+4 

F 

5 


PIN-OUT DIAGRAM 



* 15 16 17 18 19 20 21 v 


INPUTS OUTPUTS 

, A V , A 

Vcc A1 B1 AZ B2 A3 B3 G P ft=B F3 
[fO (23] m (21] (20] 09] Qe] Q7] (Tb] [15] 0 01 


A1 B1 A2 B2 A3 B3 G C„+4 P A=B 

BO F3 

AO S3 S2 SI SO C n M FO FI F2 


Q[|][l][i][|](II[Il[Il[9][l[lD® 

A) S3 S2 SI SO C n M FO FI F2 GND 


"inputT 


OUTPUTS 


Die Size .074 x .085 


^RAYTHEON^ 


2-103 






LSI 81 


4-Bit Arithmetic Logic Unit 


ALU SIGNAL DESIGNATIONS 


The LSI 81 can be used with the signal designations of either Figure 1 or Figure 2. 


The logic functions and arithmetic operations obtained with signal designations as in Figure 1 are given in Table 1; those 
obtained with the signal designations of Figure 2 are given in Table 2. 


(2) ( 1 ) (23) ( 22 ) ( 21 X 20 ) (19)(18) 



FIGURE 1 
(FOR TABLE 1) 


(2) (1) (23) (22) (21) (20) (19) (18) 


u u A A - .■ 




Ao Bo A-| Bi A 2 B 2 A 3 B 3 

(7) — i 


Cn 



LSI 81 a=B 

( 8 ) — 


M 



F0 F! F 2 F 3 C n + 4 G P 


? 7 7 7 I VY 


(9) (10) (11) (13) (16) (17) (15) 


(3) (4) (1) (2) (14) (15) (5) ( 6 ) 


Lh LA-LA LI 


GO P 0 

Gl Pi G 2 P 2 

g 3 p 3 


■ c n 

LSI 82 

P 

G 

^ (7) 

0 ( 10 )) 

Gn+x 

C n +y G n + Z 



1 

( 12 ) 

“ 1 r 

(11) (9) 

FIGURE 2 
(FOR TABLE 2) 




TABLE 1 


SELECTION 

S3 S2 S! Sq 

ACTIVE-HIGH DATA J 

M - H 

LOGIC 

FUNCTIONS 

M«L; ARITHMETIC OPERATIONS ) 

C„ = H 
(no carry) 

C n = L 
(no carry) 

L 

L 

L 

L 

F = S 

F = A 

F = A PLUS 1 

L 

L 

L 

H 

F = A + B 

F = A + B 

F - (A + B) PLUS 1 

L 

L 

H 

L 

F « SB 

F = A + B 

F = (A + B) PLUS 1 

L 

L 

H 

H 

F =0 

F • MINUS 1 (2'sCOMPL) 

F * ZERO 

L 

H 

L 

L 

F-SB 

F * A PLUS AB 

F = A PLUS AS PLUS 1 

L 

H 

L 

H 

F * B 

F =* (A + 8) PLUS AS 

F = (A + B) PLUS AB PLUS 1 

L 

H 

H 

L 

F - A0B 

F = A MINUS B MINUS 1 

F = A MINUS B 

L 

H 

H 

H 

F * AB 

F = aB MINUS 1 

F = AB 

H 

L 

L 

L 

F * S + B 

F • A PLUS AB 

F = A PLUS AB PLUS 1 

H 

L 

L 

H 

F - A0B 

F = A PLUS B 

F = A PLUS B PLUS 1 

H 

L 

H 

L 

F - B 

F = (A + B) PLUS AB 

F = (A + B) PLUS AB PLUS 1 

H 

L 

H 

H 

F - AB 

F - AB MINUS 1 

F = AB 

H 

H 

L 

L 

F « 1 

F = A PLUS A* 

F = A PLUS A PLUS 1 

H 

H' 

L 

H 

F = A +B 

F * (A + B) PLUS A 

F = (A + 81 PLUS A PLUS 1 

H 

H 

H 

L 

F - A + B 

F = (A + B) PLUS A 

F = (A + B) PLUS A PLUS 1 

H 

H 

H 

H 

F - A 

F = A MINUS 1 

F = A 


•Each bit is shifted to the next more significant position. 


TABLE 2 


SELECTION 

S3 S2 Sj Sq 

ACTIVE LOW DATA i 

M = H 

LOGIC 

FUNCTIONS 

M - L; ARITHMETIC OPERATIONS i 

C n = L 
(with carry) 

C n = H 
(with carry) 

L 

L 

L 

L 

F - A 

F - A MINUS 1 

F = A 

L 

L 

L 

H 

F = AS 

F = AB MINUS 1 

F = AB 

L 

L 

H 

L 

F = 5 + B 

F = AB MINUS 1 

F = AB 

L 

L 

H 

H 

F = 1 

F = MINUS 1 <2's COMP) 

F = ZERO 

L 

H 

L 

L 

F - A + B 

F = A PLUS (A + B) 

F = A PLUS IA + B) PLUS 1 

L 

H 

L 

H 

F = B 

F = AB PLUS (A + Bl 

F = AB PLUS (A + B) PLUS 1 

L 

H 

H 

L 

F = A 0B 

F = A MINUS B MINUS 1 

F = A MINUS B 

L 

H 

H 

H 

F = A + B 

F - A + 6 

F = (A + B) PLUS 1 

H 

L 

L 

L 

F = AB 

F = A PLUS (A + B) 

F = A PLUS (A + B) PLUS 1 

H 

L 

L 

H 

F = A © B 

F = A PLUS B 

F = A' PLUS B PLUS 1 

H 

L 

H 

L 

F = B 

F = AB PLUS (A + B) 

F = AB PLUS (A + Bl PLUS 1 

H 

L 

H 

H 

F = A + B 

F = A + B 

F = (A + B) PLUS 1 

H 

H 

L 

L 

F = 0 

F = A PLUS A* 

F = A PLUS A PLUS 1 

H 

H 

L 

H 

F = AB 

F = AB PLUS A 

F = AB PLUS A PLUS 1 

H 

H 

H 

L 

F = AB 

F = AB PLUS A 

F = AB PLUS A PLUS 1 

H 

H 

H 

H 

F = A 

F = A 

F = A PLUS 1 
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LSI 81 


4-Bit Arithmetic Logic Unit 


Recommended Operating Conditions 



9LS/54LS 

9LS/74LS 

Unit 

TTTM 


KESI 

Urn 

TTTTM 

wmm 

Supply voltage, Vcc 


5 



5 

5.25 

V 

High-level output current, Iqh (All outputs except A = B) 

BHH 


EE3 




■SSI 1 

Low-level output current, Iol 



4 



8 

mA 

Operating free-air temperature, Ta 

-55 


125 

0 


70 

°C 


Electrical Characteristics Over Recommended Free- Air Temperature Range (Unless Otherwise Noted) 


Parameter 

Test Conditions* 

9LS/54LS 

9LS/74LS 

Unit 

BUS 

era 


TPI 

era 

MEM 

V |H 


2 



2 



mm 

V.L 









V| 

V CC =MIN, l, = -18mA 







mm 

jj^^l 

Any Output 
except A = B 

V CC =IVIIN / V 1h =2V, 

V|L=V|Lmax, loH =- 400juA 

2.5 

Qj 

|| 

D 

D 


V 

WM 

A = B 

Output only 

V CC =MIN, V ih =2V, 

V|L=Vj|_max, Vqh = 5.5V 



100 




mn 


All outputs 

Output G 

V C c=MIN, V ih = 2V, 
V|L=V|Lmax 

loL = 4mA 


0.25 

0.4 




■ 

loi_=8mA 


0.35 

0.6 


lilcM 

MWtU 

loL =1 6mA 


0.47 

0.7 


'WMFM 



Mode input 

V C c=MAX, V|=7.0V 



0.1 



KOI 

Q 

Any A or B 
input 



0.3 







0.4 



■33 

Carry input 



0.5 





Mode input 

V CC =MAX, V,=2.7V 



20 



— 

Q 




60 







80 



— 




100 



Will 

i. L 

Mode input 

\/^=MAV V/.-n am 

- * 1 yJ '~ t v 



-0.4 




mA 

Any A or B 



-1.2 



.10 

Any S input 



-1.6 



BE1 

Carry input 



-2 



-2 

los t 

Any Output 
except A=B 

V CC =MAX 

-15 


-100 

-15 


m 

mA 

'cctt 

V CC =MAX 

Condition A 


20 

32 


'MEM 

mm 

mA 

Condition B 


21 

35 


21 

mm 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

**AII typical values are at S/qc = 5V, Ta = 25° C. 
tNot more than one output should be shorted at a time. 

ttWith outputs open. Ice ' s measured for the following conditions: 

A. SO through S3, M and A inputs are at 4.5V, all other inputs are grounded. 

B. SO through S3 and M are at 4.5V, all other inputs are grounded. 
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4-Bit Arithmetic Logic Unit 


LSI 81 


Switching Characteristics, V cc = 5V Over Recommended Free-Air Temperature Range 



M = OV, SO = S3 = 4.5V, SI = S2 = QV (SUM mode) 

Any A or B G 

-PHL I 

M = OV, SO = S3 = OV, SI = S2 = 4.5V (DIFF mode) 


m*m 




Note: AC specification shown under -55°C and +125°C are for 9LS devices only. All 50pF specifications are for 9LS only. 



































LSI 81 


4-Bit Arithmetic Logic Unit 


Switching Characteristics, V cc = 5V Over Recommended Free-Air Temperature Range 


From To I -55°C 

(input) (output) I Min 


-55°C 

+25°C 

+125°C j 


Min 

■zai 

Max 

mifliiMl 



Any A or B 


M = QV, (SUM or PIFF mode) 

Cp Any~F — 

PHL 

M = OV, SO = S3 = 4.5V, SI = S2 = OV (SUM mode) 


Any A or B 


M = OV, SO = S3 = OV, SI = S2 = 4.5V (DIFF mode) 


Any A or B 


M = OV, SO = S3 = 4.5V, SI = S2 = 4.5V (SUM mode) 



M = OV, SO = S3 = 

= OV, SI = S2 = 

; 4.5V (DIFF mode) 

tPLH 


p 


tpHL 

nlly r\ ur D 



M = OV, SO = S3 = 

* 4.5V, SI = S2 

= OV (SUM mode) 


M = OV, SO = S3 = OV, SI = S2 = 4.5V (DIFF mode) 


tpHL I * 


M = 4.5V (logic mode) 




M = OV, SO = S3 = OV, SI = S2 = 4.5V (DIFF mode) 

!ELH Any A or B | A = B 

tpHL 


Note: AC specification shown under -55 C and +125 C are for 9LS devices only. All 50pF specifications are for 9LS only 


33 50 



APPLY 

GND 


Remaining 
A and B, C n 


Remaining 
A and B, C n 


Out-of -Phase 


Out-of-Phase 






























































4-Bit Arithmetic Logic Unit 


LS181 


PARAMETER MEASUREMENT INFORMATION 


SUM MODE TEST TABLE 

FUNCTION INPUTS: SO = S3 = 4.5 V. SI = S2 = M = 0 V 



INPUT 

OTHER INPUT 

SAME BIT 

OTHER DATA INPUTS 

OUTPUT 

OUTPUT 





UNDER 

TEST 

WAVEFORM 

r AnAMt I t H 

TEST 

APPLY 

4.5 V 

APPLY 

GND 

APPLY 

4.5 V 

APPLY 

GND 

tPLH 

Aj 

Bj 

None 

Remaining 

c n 

Fj 

In-Phase 

*PHL 


A and B 



l PLH 

B; 

Aj 

None 

Remaining 

c. 

F, 

In-Phase 

t PHL 


A and B 



t PLH 

Aj 

,Bj 

None 

None 

Remaining 

p 

In-Phase 

»PHL 


A and B, C n 


t PLH 

Bj 

A, 

None 

None 

Remaining 

P 

In-Phase 

tPHL 


A and B, C n 


t PLH 

A; 

None 

Bj 

Remaining 

Remaining 

G 

In-Phase 

*PHL 

i 

B 

A, C n 


t PLH 

Bj 

None 

A, 

Remaining 

Remaining 

G 

In-Phase 

t PHL 


B 

A, C n 


t PLH 


None 

None 

All 

All 

Any F 

In-Phase 

tPHL 


A 

B 

or Cn+4 

t PLH 

A, 

None 

Bj 

Remaining 

Remaining 

Cn+4 

Out-of-Phase 

tPHL 


B 

A. C n 

tPLH 

Bj 

None 

A i 

Remaining 

Remaining 

Cn+4 

Out-of-Phase 

*PHL 



B 

A, C n 


DIFF MODE TEST TABLE 

FUNCTION INPUTS: SI = S2 = 4.5 V, SO = S3 = M = 0 V 



INPUT 

OTHER INPUT 

SAME BIT 

OTHER DATA INPUTS 

OUTPUT 

OUTPUT 







I ^4 • » Om • L n 

TEST 

APPLY 

4.5 V 

APPLY 

GND 

APPLY 

4.5 V 

APPLY 

GND 

TEST 


l PLH 


None 

Bj 

Remaining 

Remaining 


In-Phase 

tPHL 


A 

B.C n 

r i 

tPLH 

B, 


None 

Remaining 

Remaining 

F 

Out-of-Phase 

*PHL 


A 

B,C a 


tPLH 

Aj 

None 

Bj 

None 

Remaining 

p 

In-Phase 

tPHL 


A and B, C n 


tPLH 

B, 

Aj 

None 

None 

Remaining 

p 

Out-of-Phase 

tPHL 


A and B, C n 


tPLH 

Aj 

Bj 

None 

None 

Remaining 

G 

In-Phase 

t PHL 


A and B, C n 


tPLH 

Bj 

None 

Aj 

None 

Remaining 

G 

Out-of-Phase 

tPHL 


A and B, C n 


tPLH 

Aj 

None 

Bj 

Remaining 

Remaining 

A = B 

In-Phase 

tPHL 


A 

B,C n 

*PLH 

Bi 

Aj 

None 

l . ... 

Remaining 

Remaining 

A = B 

Out-of Phase 

*PHL 


i A 

c 

CJ 

CO 

tPLH 


None 

None 

All 

None 

C n +4 

In-Phase 

*PHL 


A and B 

or any F 

tPLH 

Aj 

Bj 

None 

None 

'Remaining 

Cn+4 

Out-of-Phase 

<PHL 


A, B ( C n 

*PLH 

Bj 

None 

Aj 

None 

Remaining 

Cn+4 

In -Phase 

*PHL 


A. B, C n 
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LSI 90 


Synchronous BCD Decade Up/Down Counter 
lsi 91 Synchronous 4-Bit Binary Up/Down Counter 


FEATURES 

■ Single up/down count mode control line 

■ Asynchronous parallel load 

■ Count enable, parallel load control inputs 

■ Cascadable 


DESCRIPTION 

The LSI 90 and LSI 91 are synchronous, reversible up/down 
counters having a complexity of 58 equivalent gates. The 
LSI 91 is a 4-bit binary counter and the LSI 90 is a BCD 
counter. Synchronous operation is provided by having all 
flip-flops clocked simultaneously so that the outputs change 
coincident with each other when so instructed by the 
steering logic. This mode of operation eliminates the output 
counting spikes normally associated with asynchronous 
(ripple clock) counters. 

The outputs of the four master-slave flip-flops are triggered 
on a low-to-high-level transition of the clock input if the 
enable input is low. A high at the enable input inhibits 
counting. Level changes at the. enable and down/up inputs 
should be made only when the clock input is high. The 
direction of the count is determined by the level of the 
down/up input. When low, the counter counts up and 
when high, it counts down. 


These counters are fully programmable; that is, the outputs 
may be preset to either level by placing a low on the load 
input and entering the desired data at the data inputs. The 
output will change to agree with the data inputs indepen- 
dently of the level of the clock input. This feature allows 
the counters to be used as modulo-N dividers by simply 
modifying Ihe uuurii. length with ine preset inputs. 


The clock, down/up, and load inputs are buffered to 
lower the drive requirement which significantly reduces 
the number of clock drivers, etc., required for long parallel 
words. 

Two outputs have been made available to perform the 
cascading function: ripple clock and maximum/minimum 
count. The latter output produces a high-level output 
pulse with a duration approximately equal to one complete 
cycle of the clock when the counter overflows or under- 
flows. The ripple clock output produces a low-level output 
pulse equal in width to the low-level portion of the clock 
input when an overflow or underflow condition exists. 
The counters can be easily cascaded by feeding the ripple 
clock output to the enable input of the succeeding counter 
if parallel clocking is used, or to the clock input if parallel 
enabling is used. The maximum/minimum count output can 
be used to accomplish look-ahead for high-speed operation. 


PIN-OUT DIAGRAM 


INPUTS OUTPUTS INPUTS 
/ A ” ' lu ' / A v 

DATA fcoMAX/< DATA 
VCC A CKEoMIN 3 C D 

®05]03[10I103[io][9] 


Qa g dn/up Qc Qp 


mmSSSSSs 

DATA Qb Qa G DN/UP Qd Qd gnd 
INPUT OUTPUTS INPUTS OUTPUTS 


LOW INPUT TO LOAD SETS Q A = A, Q B = B, Q c = C, Q D = D 
LSI 90 



Die Size .100 x .077 


INPUTS OUTPUTS INPUTS 



Qa g dn/up Qc Qp 


data qb Qa g dn/up Qc Qd gnd 

^ v _JNABLE_ yv _^ 

INPUT OUTPUTS INPUTS OUTPUTS 


LOW INPUT TO LOAD SETS Q A = A, Q B = B, Q c = C, Q D = D 
LS191 



Die Size .100 x .077 
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LSI 90 


Synchronous BCD Decade Up/Down Counter 
Synchronous 4-Bit Binary Up/Down Counter LS191 


Recommended Operating Conditions 



9LS/54LS 

9LS/74LS 

Unit 

Min 

Nom 

Max 

Min 

Nom 

Max 

Supply voltage, Vqc 

4.5 

5 

5.5 

4.75 

5 

5.25 

V 

High-level output current, Iqh 



-400 



-400 


Low-level output current, Iql 



4 



8 

mA 

Input clock frequency, f c | 0 ck 

0 


20 

0 




Width of clock input pulse, t w ( c iock) 

mm 



mm 



■ 

Width of load input pulse, t w (| oac |) 

Mcsm 



1 {M 



WEM 

Data setup time, tse tup (see Figures 1 and 2) 

20 



n 



■H 

■— «WI II — 




mm 



ns 

Data hold time, thoid 

0 



0 



ns 

Operating free-air temperature, T A 

-55 


125 

0 


70 

°C 


Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted) 


Parameter 

Test Conditions* 

9LS/54LS 

9LS/74LS 

Unit 


PM 



ESSI 


V|H 


2 



2 



V 

VlL 




0.7 



■jifl 

V 

V| 

V CC =MIN, l| = -18mA 



-1.5 



-1.5 

V 

V OH 



V C c=M«N, V IH =2V, 

V|L = V|L m ax, Ioh =- 400juA 

2.5 

3.4 


2.7 

3.4 


V 

O 

> 

V CC =MIN, V IH =2V, 
V|L=V|Lmax 

IOL = 4mA 


0.25 

0.40 


0.25 

0.40 

V 

IOL = 8mA 





0.35 

0.5 

l| 

Enable 

V C c=MAX, V,=7V 



0.3 



0.3 

mA 

Others 



0.1 



0.1 

IlH 

Enable 

V CC =IVIAX, V,=2.7V 



60 



60 

mA 

Others 



20 



20 

ItL 

Enable 

V C c=MAX, V|=0.4V 



-1.2 



-1.2 

mA 

Others 



-0.4 



-0.4 

•ost 

V C c=MAX 

-15 


-100 

-15 


-100 

mA 

Iccft 

v cc =max 


20 

35 


20 

35 

mA 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

**AII typical values are at Vqc = 5V, T A = 25° C. 
tNot more than one output should be shorted at a time, 
ttlcc 1S measured with all inputs grounded and all outputs open. 
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LSI 90 

Synchronous BCD Decade Up/Down Counter 

LSI 91 

Synchronous 4-Bit Binary Up/Down Counter 


Switching Characteristics, V cc = 5V Over Recommended Free-Air Temperature Range 



Note: AC specification shown under -55°C and +125°C are for 9LS devices only. 
All 50pF specifications are for 9LS only. 
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Synchronous BCD Decade Up/Down Counter LS190 

Synchronous 4-Bit Binary Up/Down Counter 


LSI 91 





LSI 90 


Synchronous BCD Decade Up/Down Counter 
lsi 91 Synchronous 4-Bit Binary Up/Down Counter 


LOGIC DIAGRAM 
LS191 
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LSI 90 


Synchronous BCD Decade Up/Down Counter 
Synchronous 4-Bit Binary Up/Down Counter lsi9i 

LSI 90 TYPICAL LOAD, COUNT AND INHIBIT SEQUENCES 


Illustrated below is the following sequence: 

1. Load (preset) to BCD seven. 

2. Count up to eight, nine (maximum), zero, one, and two. 

3. Inhibit. 

4. Count down to one, zero (minimum), nine, eight, and seven. 


LOAD 


DATA* 

INPUTS 


1 w 

a_t 


B _r 

c _r 


CLOCK 
DOWN/UP L 
ENABLE L 


r 

J 





MAX/M IN 

RIPPLE f 

CLOCK l 


Eraytheon^ 
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LSI 90 


Synchronous BCD Decade Up/Down Counter 
LSi9i Synchronous 4-Bit Binary Up/Down Counter 

LSI 91 TYPICAL LOAD, COUNT AND INHIBIT SEQUENCES 


Illustrated below is the following sequence: 

1. Load (preset) to binary thirteen. 

2. Count up to fourteen, fifteen (maximum), zero, one, and two. 

3. Inhibit. 

4. Count down to one, zero (minimum), fifteen, fourteen, and thirteen. 


LOAD I T 


DATA J 
INPUTS 


A _r 

B 


C _J 


D _T 


CLOCK 
DOWN/UP L 
ENABLE L 


lT: 


liTUTLJ^ 



RIPPLE r 

CLOCK f 


COUNT UP — 4lNHIBITl \- COUNT DOWN - 

LOAD 
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LSI 90 


Synchronous BCD Decade Up/Down Counter 
Synchronous 4-Bit Binary Up/Down Counter Lsi9i 


PARAMETER MEASUREMENT INFORMATION 


DATA 

INPUT ; - 

(SEE NOT E A) 1Q%y f*, 

LOAD ^setup 

INPUT 


S10 NS 


90% 

3V 


<10 NS 

”90%Vj“"~ 

1.3vXj 0/o 


setup 


\ 1-3V 1^90% \ 13VyT90%" 

\ io% \ io% 

(SEE NOTE A) — j •— <10 INS -H < 10 NS 

OUTPUT / ST 


3 V 

0V 

3V 

0V 

VOH 

VOL 


FIGURE 1-DATA SETUP TIME VOLTAGE WAVEFORMS 


See waveform sequences in Figures 4 through 7 for 
propagation times from a specific input to a specific 
output. For simplification, pulse rise times, reference 
levels, etc., have not been shown in Figures 4 through 7. 


FIGURE 2- GENERAL VOLTAGE WAVEFORMS 
FOR PROPAGATION TIMES 


<10 NS — -♦» ^*-<10 NS 

i i II 



3V 


0V 

v OH 


V 0 L 

v OH 


v OL 


NOTES: 

A. The input pulses are supplied by generators having the following characteristics: Z out = 50S7, duty cycle < 50%, PRR < 1MHz. 


LOAD 

ANY DATA INPUT 



CORRESPONDING 
Q OUTPUT 


L 


tPLH 



tPHL 


tPLH — { 


NOTE B: Conditions on other inputs are irrelevant. 

FIGURE 3-LOAD TO OUTPUT AND DATA TO OUTPUT 



LOAD 


DOWN/UP 

1 1 

l 

— L 

1 

— 

CLOCK 

1 J 1 ' 

i 


ENABLE G 

i i § 

1 : i : 

i 

i 

i 



tPHL— j [— — | tPLH tRHL-^ f— 


|^- tPLH 

RIPPLE CLOCK 

1 1 1 1 

i 

• 

J” 


tPLH -H f— 

i 

►*- tPHL 

MAX/MIN 

1 T" 


1 _ 


NOTE C: All data inputs are low. 

FIGURE 4-ENABLE TO RIPPLE CLOCK, CLOCK TO RIPPLE CLOCK, DOWN/UP TO MAX/M IN 
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LSI 90 


Synchronous BCD Decade Up/Down Counter 
lsi 91 Synchronous 4-Bit Binary Up/Down Counter 


PARAMETER MEASUREMENT INFORMATION (Continued) 


LOAD U Li 

DATA INPUTS 1 

(SEE NOTES G TO I)— — — — 1 — — 

DOWN/UP ~~ I 


COUNT 

OUTPUT (S) 

UNDER TEST 

ENABLE = LOW 




■ tPLH 


V 


■ tPHL 


F. to test Q./\, Qg, and Qq outputs of LSI 90: Data inputs A, B, and C are shown by the solid line. Data input D is shown by the dashed line. 

G. To test Qq output of LSI 90: Data inputs A and D are shown by the solid line. Data inputs B and C are held at the low logic level. 

H. To test Qa, Qb, Qc> and Q D outputs of LSI 91 : All four data inputs are shown by the solid line. 

FIGURE 5-CLOCK TO OUTPUT 


LOAD l_| |_J 


DATA A 


DATA B,C, AND D 
(SEE NOTE J). 


DOWN/UP 


COUNT 

L_r 

—| r~ tpLH 

U 

-^1 r-tpHL 

— l r — 

— j r- tpLH 

TJ 

_d 

! r*- tPHL 

MAX/MIN 

i 

i 

I 




ENABLE = LOW 


NOTE I: 

Data inputs B and C are shown by the dashed line for the LS190 and the solid line for the LSI 91 : Data input D is shown by the solid 
line for both devices. 


FIGURE 6-CLOCK TO MAX/MIN 
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LSI 92 


Synchronous BCD Decade Up/Down Counter 
Synchronous 4-Bit Binary Up/Down Counter LS193 


FEATURES PIN-OUT DIAGRAM 

■ Separate clock inputs for count-up, count-down 

■ Asynchronous parallel load and clear 

■ Cascadable 

DESCRIPTION 

These monolithic circuits are synchronous reversible 
(up/down) counters having a complexity of 55 equivalent 
gates. The LSI 92 is a BCD counter and the LSI 93 is a 
4-bit binary counter. Synchronous operation is provided 
by having all flip-flops clocked simultaneously so that the 
outputs change coincidently with each other when so 
instructed by the steering logic. This mode of operation 
eliminates the output counting spikes which are normally 
associated with asynchronous (ripple-clock) counters. 

The outputs of the four master-slave flip-flops are triggered 
by a low-to-high-level transition of either count (clock) 
input. The direction of counting is determined by which 
count input is pulsed while the other count input is high. 

All four counters are fully programmable; that is, each 
output may be preset to either level by entering the desired 
data at the data inputs while the load input is low. The 
output will change to agree with the data inputs indepen- 
dently of the count pulses. This feature allows the counters 
to be used as modulo-N dividers by simply modifying the 
count length with the preset inputs. 

A clear input has been provided which forces all outputs to 
the low level when a high level is applied. The clear function 
is independent of the count and load inputs. The clear, 
count, and load inputs are buffered to lower the drive 
requirements. This reduces the number of clock drivers, 
etc., required for long words. 

These counters were designed to be cascaded without the 
need for external circuitry. Both borrow and carry outputs 
are available to cascade both the up- and down-counting 
functions. The borrow output produces a pulse equal in 
width to the count-down input when the counter under- 
flows. Similarly, the carry output produces a pulse equal 
in width to the count-down input when an overflow condi- 
tion exists. The counters can then be easily cascaded by 
feeding the borrow and carry outputs to the count-down 
and count-up inputs respectively of the succeeding counter. 

Recommended Operating Conditions 



9LS/54LS 

9LS/74LS 

Unit 

Min 

Nom 

Max 

Min 

Nom 

Max 

Supply voltage, Vcc 

4.5 

5 

5.5 

4.75 

5 

5.25 

V 

High-level output current, Iqh 



-400 



-400 

/iA 

Low-level output current, Iol 



4 



8 

mA 

Count frequency, f C0U nt 

0 


25 

0 


25 

MHz 

Width of any input pulse, t w 

20 



20 



ns 

Data setup time, t^up (see Figure 1) 

20 



20 



ns 

Data hold time, t^oid 

0 



0 



ns 

Operating free-air temperature range, T A 

-55 


125 

0 


70 

°C 


OUTPUTS 

MPUTS^ INPUTS 

DATA ^ ill DATA 

Vcc A O ,§ O 3 C D 


lljD 


■ BORROW >■ LOAD C 


CD CD HIS Bli] ODD 

DATA Qb Qa g§ QC Qd GND 
INPUT ' 


Low input to load sets Q A = A, Q B = B, 
Qc = C, and Qd — D 
LSI 92 


15 14 13 12 11 10 



4 5 6 

LS193 

15 14 13 12 11 10 



3 4 5 6 

Die Size .100 x .077 (both types) 


^YTHEO^ 
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INPUT C 


DATA 
INPUT D 


CLEAR 







Synchronous BCD Decade Up/Down Counter LS192 

Synchronous 4-Bit Binary Up/Down Counter 


LSI 93 









LSI 92 


Synchronous BCD Decade Up/Down Counter 
lsi 93 Synchronous 4-Bit Binary Up/Down Counter 


Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted) 


Parameter 

Test Conditions* 

9LS/54LS 

9LS/74LS 

Unit 

Min 

Typ** 

Max 

Min 

Typ** 

Max 

V| H 


2 



2 



V 

V|L 




0.7 



0.8 

V 

V, 

Vcc^MIN, 1 1 = — 1 8 



-1.5 



-1.5 

V 

V OH 

V CC =MIN, V|h=2V, 

V|L = V|L m ax, Iqh=-400^A 

2.5 

3.4 


2.7 

3.4 


V 

V OL 

V CC =MIN, V m =2V, 

V u_=V||_max 

l0L = 4mA 


0.25 

0.40 


0.25 

0.40 

V 

IOL = 8mA 





0.35 

0.5 

l| 

V CC =MAX, V|=7V 



0.1 



0.1 

mA 

IlH 

Vcc^MAX, V,=2.7V 



20 



20 

juA 

IlL 

V CC =MAX, V|=0.4V 



-0.4 



-0.4 

mA 

•os+ 

Vcc=MAX 

-15 


-100 

-15 


-100 

mA 

'cctt 

V C c = MAX 


19 

34 


19 

34 

mA 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

* * All typical values are at V cc = 5V, Ta = 25°C. 

+ Not more than one output should be shorted at a time, 
ttlcc is measured with all inputs grounded and all outputs open. 


Switching Characteristics, V cc = 5V Over Recommended Free-Air Temperature Range 

i 1 r *- 1 - - - i — — 1 — i — — — 


Parameter 

From 

(input) 

To 

(output) 

-55°C 

+25°C 

+125°C 

Unit 

Min | Typ | Max 

Min | Typ | Max 

Min 1 Typ 1 Max 

Test Conditions: C L = 15pF, R L = 2kO (See Fig. 1 and 2) | 

f 

'max 






25 

32 





MHz 

tPLH 

Count-up 

Carry 


19 

29 


17 

26 


19 

29 

ns 

tPHL 


18 

28 


16 

24 


18 

28 

tPLH 

Count-down 

Borrow 


18 

28 


16 

24 


18 

28 

ns 

tPHL 


18 

28 


16 

24 


18 

28 

tPLH 

Either Count 

Q 


27 

42 


25 

38 


27 

42 

ns 

tPHL 


33 

51 


31 

47 


33 

51 

tPLH 

Load 

Q 


29 

44 


27 

40 


29 

44 

ns 

tPHL 


31 

44 


29 

40 


31 

44 

tPHL 

Clear 

Q 


24 

39 


22 

35 


24 

39 

ns 

Test Conditions: C 

: L = 50pF, r l = 

2kO (See Fig. l and 2) 













i 

MHz 

tPLH 

Count-up 

Carry 


23 

34 


21 

31 


23 

34 

ns 

tPHL 


22 

32 


20 

30 


22 

32 

tPLH 

Count-down 

Borrow 


22 

32 


20 

30 


22 

32 

ns 

tPHL 


22 

32 


20 

30 


22 

32 

tPLH 

Either Count 

Q 


31 

47 


29 

43 


31 

47 

ns 

tPHL 


37 

56 


34 

51 


37 

56 

tPLH 

Load 

Q 


33 

49 


31 

44 


33 

49 

ns 

tPHL 


35 

49 


33 

45 


35 

49 

tpHL 

Clear 

Q 


28 

44 


26 

40 


28 

44 

ns 


Note: AC specification shown under -55°C and +125°C are for 9LS devices only. 
All 50pF specifications are for 9LS only. 
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LSI 92 


Synchronous BCD Decade Up/Down Counter 
Synchronous 4-Bit Binary Up/Down Counter LS193 


PARAMETER MEASUREMENT INFORMATION 

OUTPUTS 



TEST CIRCUIT 




NOTES: 

A. The pulse generators have the following characteristics: Z out = 50f2 and for the data pulse generator PRR < 500KHz, duty cycle = 
50%; for the load pulse generator PRR is two times data PRR, duty cycle = 50%. 

B. Ci_ includes probe and jig capacitance. 

C. Diodes are 1 N3064. 

D. t r and tf < 7 ns. 


FIGURE 1 — CLEAR, SETUP, AND LOAD TIMES 


^Raytheon] 
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lsi 92 Synchronous BCD Decade Up/Down Counter 

lsi 93 Synchronous 4-Bit Binary Up/Down Counter 


PARAMETER MEASUREMENT INFORMATION (Continued) 


oumrrs 





3V 

OV 


v OH 

V 0 L 


v OH 

v OL 


NOTES: 

A. The pulse generator has the following characteristics: PRR < 1MHz, Z out = 50fi, duty cycle = 50%. 

B. Cl includes probe and jig capacitance. 

C. Diodes are 1 N3064. 

D. Count-up and count-down pulse shown is for the LSI 93 binary counter. Count cycle for LSI 92 decade counter is 1 through 1 0. 

E. Waveforms for outputs Q./\, Qg, and Q.q are omitted to simplify the drawing. 

F. t r and tf < 7ns. 


FIGURE 2-PROPAGATION DELAY TIMES 
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Synchronous BCD Decade Up/Down Counter 
Synchronous 4-Bit Binary Up/Down Counter 


LSI 92 


LSI 93 


TYPICAL CLEAR, LOAD, AND COUNT SEQUENCES 
LSI 92 


Illustrated below is the following sequence: 

1. Clear outputs to zero. 

2. Load (preset) to BCD seven. 

3. Count up to eight, nine, carry, zero, one, and two. 

4. Count down to one, zero, borrow, nine, eight, and seven. 


CLEAR n 

LOAD ~ 


DATA < 


A _T 

b _r 

C _I 


OUTPUTS < 


COUNT — 

UP 

COUNT — 
DOWN 

Q A ~ 

Qb ~ 
Q d 
q dIZI 

CARRY ~ 


BORROW 

SEQUENCE 

ILLUSTRATED 


i_r 




| 0 | | 7 | 


i_r 


inaimi 


CLEAR PRESET 


* . . LT 

8 9 0 1 2 1 0 9 8 7 

L COUNT UP A U — —COUNT DOWN — 


NOTES: 

A. Clear overrides load, data, and count inputs. 

B. When counting up, count-down input must be high; when counting 
down, count-up input must be high. 
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LSI 92 
LSI 93 


Synchronous BCD Decade Counter 
Synchronous 4-Bit Binary Up/Down Counter 


TYPICAL CLEAR, LOAD, AND COUNT SEQUENCES 

LSI 93 

Illustrated below is the following sequence: 

1. Clear outputs to zero. 

2. Load (preset) to binary thirteen. 

3. Count up to fourteen, fifteen, carry, zero, one, and two. 

4. Count down to one, zero, borrow, fifteen, fourteen, and 
thirteen. 


SEQUENCE 

ILLUSTRATED 


|0| 113J 


1 1 1 LJ 1 

I 14 15 0 1 2 I 1 0 15 14 o 

[*» COUNT UP •> U — COUNT DOWN A 


NOTES: 

A. Clear overrides load, data, and count inputs. 

B. When counting up, count-down input must be high; when counting 
down, count-up input must be high. 





4-Bit Universal Shift Register 


LSI 94A 


DESCRIPTION 

This bidirectional shift register is designed to incorporate 
virtually all of the features a system designer may want in a 
shift register. The circuit contains 46 equivalent gates and 
features parallel inputs, parallel outputs, right-shift and left- 
shift inputs, operating-mode-control inputs, and a direct 
over-riding clear line. The register has four distinct modes 
of operation, namely: 

Parallel (broadside) load 
Shift right (in the direction Qa toward Qp) 
Shift left (in the direction Qq toward Q A ) 
Inhibit clock (do nothing) 

Synchronous parallel loading is accomplished by applying 
the four bits of data and taking both mode control inputs, 
SO and SI, high. The data are loaded into the associated 
flip-flops and appear at the outputs after the positive 
transition of the clock input. During loading, serial data 
flow is inhibited. 

Shift right is accomplished synchronously with the rising 
edge of the clock pulse when SO is high and SI is low. 
Serial data for this mode is entered at the shift-right data 
input. When SO is low and SI is high, data shifts left 
synchronously and new data is entered at the shift-left 
serial input. Clocking of the flip-flop is inhibited when 
both mode control inputs are low. 


PIN-OUT DIAGRAM 



FUNCTION TABLE 



H = high level (steady state) 

L = low level (steady state) 

X = irrelevant (any input, including transitions) 
t = transition from low to high level 
a, b, c, d = the level of steady-state input at inputs A, B, C, 
or D, respectively. 

Qao> Qboi Qcoi 2Qdo = the level of Q A , Qg, Qc> or Qq, 

respectively, before the indicated steady-state input 
conditions were established. 

^Am QBni Qcn> Q D n = the level of Q A , Q B , Q c . respectively, 
before the most-recent t transition of the clock. 



PARALLEL OUTPUTS 
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LS194A 


4-Bit Universal Shift Register 


TYPICAL TIMING SEQUENCES 


CL0CK _n_m~LjTjajijTrLRj~L^^ 
M0DE fso-j-r ’ 

CONTROL < ! 

INPUTS L S1 - 
CLEAR 
SERIAL 
DATA 
INPUTS 

PARALLEL 

DATA ] c _4*TLi 

INPUTS r ' 


SHIFT — 1« — INHIBIT — 4 
LEFT CLEAR 



Recommended Operating Conditions 



9LS/54LS 

9LS/74LS 

Unit 

in 



Tin 

wmm 

(2331 

Supply voltage, Vcc 

4.5 

5 

5.5 

4.75 

5 

5.25 

V 

High-level output current, Ioh 



-400 



-400 

M A 

Low-level output current, Iql 



4 



8 

mA 

Clock frequency, f c | 0 ck 

0 


30 

0 


30 

MHz 

Width of clock or clear pulse, t w 

30 



30 



ns 

Setup time, t setup 

Mode control 

30 



30 



ns 

Serial and parallel data 

16 



16 



ns 

Clear inactive-state 

18 



18 



ns 

Hold time at any input, thold 

0 



0 



ns 

Operating free-air temperature, 

-55 


125 

0 


70 

°C 


Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted) 


Parameter 

Test Conditions* 

9LS/54LS 

9LS/74LS 

Unit 

1 

Min 

Typ** 

May 

Min 

Typ** 

Mow 

V IH 




■1 

2 




BSIHHHHIMi 



■ 

mm 





v, 

V CC =MIN, l|=-18mA 



BB 



-1.5 

mm 

V OH 

V CC = M»N, V| H =2V, 

V|L=V| L ma x , l OH =-400 M A 


11 

■ 

2.7 

3.4 


V 

V OL 

V CC =MIN, V ih =2V, 

V|L=V|Lmax 

loL = 4mA 








IOL = 8mA 







h 




0.1 




g 

IlH 

V CC = MAX, V,=2.7V 



20 



20 

■ SI 

IlL 

V CC =MAX, V,=0.4V 



-0.4 



-0.4 

mA 

lost 

V CC =MAX 

-15 


-100 

-15 


-100 

mA 

Icctt 

v C c = max 


15 

23 


12 

23 

mA 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

**AII typical values are at V cc = 5V, Ta = 25° C. 
tNot more than one output should be shorted at a time. 

ttWith all outputs open, inputs A through D grounded, and 4.5V applied to SO, SI , clear, and the serial inputs. Ice ' s tested with a momentary 
GND, then 4.5V, applied to clock. 


^RAYTHEON^ 
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4-Bit Universal Shift Register 


LS194A 


Switching Characteristics, V cc = 5V Over Recommended Free-Air Temperature Range 


Parameter 

— 55°C 

+25°C 

+125°C 

Unit 

Min | Typ | Max 

Min | Typ | Max 

Min 1 Typ 1 Max 

| Test Conditions: C L = 15pF, R L = 2kH (See Fig. below) | 

fmax 




30 

40 





MHz 

tpHL 


27 

34 


24 

30 


27 

34 

ns 

tPLH 


14 

22 


11 

18 


14 

22 

ns 

tPHL 


18 

26 


15 

22 


18 

26 

ns 

1 Test Conditions: C L = 50pF, R L = 2kQ (See Fig. below) 


tPHL 


31 

39 


28 

36 


31 

39 

ns 

tPLH 


18 

27 


15 

23 


18 

27 

ns 

tPHL 


22 

31 


19 

27 


22 

31 

ns 


Note: AC specification shown under -55 C and +125°C are for 9LS devices only. All 50pF specifications 
are for 9LS only. 


PARAMETER MEASUREMENT INFORMATION 


OUTPUT q 



LOAD FOR OUTPUT UNDER TEST 


TEST TABLE FOR SYNCHRONOUS INPUTS 


DATA INPUT 

FOR TEST 

SI SO 

OUTPUT TESTED 

(SEE NOTE E) 

A 

4.5 V 4.5 V 

Qa at t n +1 

B 

4.5 V 4.5 V 

Qb at tn+1 

C 

4.5 V 4.5 V 

QC at t n +i 

D 

4.5 V 4.5 V 

Qd at t n+1 

L Serial Input 

4.5 V 0 V 

Qa at tn+4 

R Serial Input 

0 V 4.5 V 

Qd at t n + 4 



NOTES: 

A. The clock pufse generator has the following characteristics: Z out » 50n and PRR < 1 MHz, t r < 1 5 ns and tf < 6 ns. 

When testing f max , vary PRR. 

B. C[_ includes probe and jig capacitance. 

C. All diodes are 1N3064 or 1N916. 

D. A clear pulse is applied prior to each test. 

E. Proplagation delay times (tp|_|_| and tpmJ are measured at t n +-j. Proper shifting of data is verified at t n +4 with a functional test. 

F. t n = bit time before clocking transition. 
t n +1 = bit time after one clocking transition. 
t n +4 = b't time after four clocking transitions. 
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LS195A 


4-Bit Parallel-Access Shift Register 


DESCRIPTION 


PIN-OUT DIAGRAM 


This 4-bit register features parallel inputs, parallel outputs, 
J-K serial inputs, shift/load control input, and a direct over- 
riding clear. All inputs are buffered to lower the input drive 
requirements. The register has two modes of operation: 
Parallel (broadside) load 
Shift (in the direction toward Qp) 

Parallel loading is accomplished by applying the four bits 
of data and taking the shift/load control input low. The 
data is loaded into the associated flip-flop and appears at 
the outputs after the positive transition of the clock input. 
During loading, serial data flow is inhibited. 

Shifting is accomplished synchronously when the shift/load 
control^ input is high. Serial data for this mode is entered at 
the J-K inputs. These inputs permit the first stage to per- 
form as J-K, D-, or T-type flip-flop as shown in the function 
table. 


FUNCTION TABLE 



H = high level (steady state) 

L = low level (steady state) 

X = irrelevant (any input, including transitions) 
t = transition from low to high level 
a, b, c, d = the level of steady-state input at A, B, C, or D, 
respectively. 


OUTPUTS 


_ a SHIFT/ 
vcc Qa Qb Qc Qd Qd o LOAD 

di g?ii1] g§ os mop 


Qa Qb Qc Qd Qd ck 


di m [j][£] m on q] m 

CLEAR J K A B CD GIMP 

SERIAL INPUTS PARALLEL 
INPUTS 



LOGIC DIAGRAM 


Q AD' Q B0' Q C0' Q D0 = the level of Q A» q B' q C' or q D' 

resoectivfilv hp-frnr-e the Indicated steady state input SFRIAL 



PARALLEL OUTPUTS 
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4-Bit Parallel-Access Shift Register 


LS195A 


TYPICAL TIMING SEQUENCES 


CLOCK 

CLEAR 


SERIAL 1 

fi 

inputs! 

k K 

shift/load 


^ A 

PARALLEL 

B 

DATA < 

c 

INPUTS 


1 

"Qa 


Qb 

OUTPUTS^ 

Qc 


Qd 


J H 
L 


JTT 


-SERIAL SHIFT- 


SERIAL SHIFT- 


Recommended Operating Conditions 



9LS/54LS 

9LS/74LS 

Unit 

Min 

Nom 

Max 

Min 

Nom 

Max 

Supply voltage, Vqq 

4.5 

5 

5.5 

4.75 

5 

5.25 

V 

High-level output current, Iqh 



-400 



-400 

juA 

Low-level output current, Iql 



4 



8 

mA 

Clock frequency, f C | 0 ck 

0 


30 

0 


30 

MHz 

Width of clock pulse, t w ( c | 0c |<) 

18 



18 



ns 

Width of clear input pulse, t w ( c | ear ) 

20 



20 



ns 

Setup time, t setup (see Figure 1) 

Shift/load 

25 



25 



ns 

Serial and parallel data 

15 



15 



Clear inactive-state 

25 



25 



Shift/load release time, t re | ease (see Figure 1) 



0 



0 

ns 

Serial and parallel data hold time, thoid (see Figure 1) 

0 



0 



ns 

Operating free-air temperature, 

-55 


125 

0 


70 

°C 


Switching Characteristics, V cc = 5VOver Recommended Free-Air Temperature Range 


Parameter 

. _ 

— 55°C 

+25°C 

+125°C 

Unit 

Min | Typ | Max 

Min | Typ | Max 

Min | Typ | Max 

Test Conditions: C L = 15pF, R L = 2kil (See Fig. 1 on page 2-132) | 

f max 




30 

40 





MHz 

t PHL (^om clear) 


26 

23 


26 

33 


35 

49 

ns 

tpLH (from elk) 


14 

20 


14 

19 


21 

31 

ns 

tpHL (from elk) 


20 

26 


18 

24 


24 

32 

ns 

Test Conditions: C L = 50pF, R u = 2kft (See 

Fig. 1 on page 2-132) j 

tpHL (from clear) 


27 

36 


27 

36 


37 

47 

ns 

tpLH (from elk) 


16 

22 


16 

21 


24 

31 

ns 

tpHL (from elk) 


22 

29 


21 

27 


33 

46 

ns 


Note: AC specification shown under -55°C and +125°C are for 9LS devices only. All 50pF specifications 
are for 9LS only. 
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LS195A 


4-Bit Parallel-Access Shift Register 


Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted) 


Parameter 

Test Conditions* 

9LS/54LS 

9LS/74LS 

Unit 

wrm 

Baa 

on 

■7TTB 



V| H 


2 



2 







Hi 

mm 



K«I:B 


V| 

V CC =MIN, l,=-18mA 



-1.5 



mm 

mm 

V OH 

V C c=MIN, V, h =2V, 

V IL =v IL max / IoH = -4°0mA 

2.5 

3.4 


2.7 

3.4 


V 

V 0 L 

V CC =MIN, V| H =2V, 
V|L=V|(_max 

l0L =4mA 


0.25 

0.40 


0.25 

0.40 

V 

l0L =8m A 





0.35 

0.50 

h 

V CC =MAX, V,=7V 



0.1 



0.1 

mA 

i|H 

V CC =MAX f V,=2.7V 



20 



20 

uA 

l|L 

Vcc^MAX, V|=0.4V 



-0.4 



-0.4 

mA 

•os + 

v cc =max 

-15 


-100 

-15 


-100 

mA 

l.cctt 

v cc =max 


14 

21 


10 

17 

mA 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

**AII typical values are at Vqc ~ 5V, Ta = 25° C. 

+ Not more than one output should be shorted at a time. _ 

ttWith all outputs open, shift/load grounded and 4.5V applied to the J, K, and data inputs, Iqc is measured by applying a momentary ground, 
followed by 4.5V, to clear and then applying a momentary ground, followed by 4.5V to clock. 

PARAMETER MEASUREMENT INFORMATION 


FIGURE 1 


OUTPUT V CC 


FROM OUTPUT 






C L 

(See Note B) 


LOAD FOR OUTPUT UNDER TEST 



A. The clock pulse generator has the following characteristics: Z out « 50 CL and PRR < MHz, t r < 15 ns, and tf < 6 
ns. When testing f max , vary the clock PRR. 

B. C|_ includes probe and jig capacitance. 

C. All diodes are 1N3064. 

D. A clear pulse is applied prior to each test. 

E. Propagation delay times (tp|_H and t PHL^ are measured at t n +i. Proper shifting of data is verified at t n +4 with a 
functional test. 

F. J and K are tested the same as data A, B, C, and D inputs except that shift/load input remains high. 

G. t n = bit time before clocking transition. 
t n +i = bit time after one clocking transition. 
t n +4 = bit time after four clocking transitions. 
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LSI 96 


Presettable BCD Decade Ripple Counter 
Presettable 4-Bit Binary Ripple Counter LS197 


FEATURES 

■ BCD, bi-quinary, binary counting modes 

■ Asynchronous clear 

■ Fully programmable 

■ May be used as 4-Bit latches 

DESCRIPTION 

These high-speed monolithic counters consist of four d-c 
coupled, master-slave flip-flops which are internally inter- 
connected to provide either a divide-by-two and a divide- 
by-five counter (LSI 96) or a divide-by-two and a divide- 
by-eight counter (LS197). THese four counters are fully 
programmable; that is, the outputs may be preset to any 
state by placing a low on the count/load input and entering 
the desired data at the data inputs. The outputs will change 
to agree with the data inputs independent of the state of 
the clocks. 

During the count operation, transfer of information to the 
outputs occurs on the negative-going edge of the clock 
pulse. These counters feature a direct clear which when 
taken low sets all outputs low regardless of the states of the 
clocks. 

These counters may also be used as 4-bit latches by using 
the count/load input as the strobe and entering data at the 
data inputs. The outputs will directly follow the data 
inputs when the count/load is low, but will remain un- 
changed when the count/load is high and the clock inputs 
are inactive. 


PIN-OUT DIAGRAM 


3 DATAINPUTS clock 
vcc u Qo d T Qa i 

03 05] 03 Q3 |i(0 Op op 


tiimmmmmm 

COUNT/ Qc C A Qa 2 GND 

LOAD CLOCK 

DATA INPUTS 



2 3 4 5 2 3 4 5 

Die Size .062 x .074 (both types) 


TYPICAL COUNT CONFIGURATIONS LSI 96 

The output of flip-flop A is not internally connected to the 
succeeding flip-flops; therefore, the count may be operated in 
three independent modes; 

1. When used as a binary-coded-decimal decade counter, 
the clock-2 input must be externally connected to the Q A 
output. The clock-1 input receives the incoming count, and 
a count sequence is obtained in accordance with the BCD 
count sequence function table shown at the right. 

2. If a symmetrical divide-by-ten count is desired for fre- 
quency synthesizers (or other applications requiring divi- 
sion of a binary count by a power of ten), the Q D output 
must be externally connected to the clock-1 input. The 
input count is then applied at the clock-2 input and a 
divide-by-ten square wave is obtained at output Q A in ac- 
cordance with the bi-quinary function table. 

3. For operation as a divide-by-two counter and a divide-by- 
five counter, no external interconnections are required. 
Flip-flop A is used as a binary element for the divide-by- 
two function. The clock-2 input is used to obtain binary 
divide-by-five operation at the Q B , Q c , and Q D outputs. In 
this mode, the two counters operate independently; how- 
ever, all four flip-flops are loaded and cleared simultane- 
ously. 


LSI 96 

FUNCTION TABLES 


DECADE (BCD) 

(See Note A) 


COUNT 

OUTPUTS 

Qq Qc Qb q A 

0 

L 

L 

L 

L 

1 

L 

L 

L 

H 

2 

L 

L 

H 

L 

3 

L 

L 

H 

H 

4 

L 

H 

L 

L 

5 

L 

H 

L 

H 

6 

L 

H 

H 

L 

7 

L 

H 

H 

H 

8 

H 

L 

L 

L 

9 

H 

L 

L 

H 


BI-QUINARY (5-2) 

(See Note B) 


COUNT 

OUTPUTS 

Qa Qd Qc q b 

0 

L 

L 

L 

L 

1 

L 

L 

L 

H 

2 

L 

L 

H 

L 

3 

L 

L 

H 

H 

4 

L 

H 

L 

L 

5 

H 

L 

L 

L 

6 

H 

L 

L 

H 

7 

H 

L 

H 

L 

8 

H 

L 

H 

H 

9 

H 

H 

L 

L 


H = high level, L = low level 
NOTES: A. Output Q A connected to clock-2 input. 
B. Output Q 0 connected to clock-1 input. 
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lsi 96 Presettable BCD Decade Ripple Counter 

lsi 97 Presettable 4-Bit Binary Ripple Counter 


LSI 97 

The output of flip-flop A is not internally connected to the 
succeeding flip-flops, therefore the counter may be operated 
in two independent modes: 

1. When used as a high-speed 4-bit ripple-through counter, 
output Q a must be externally connected to the clock-2 
input. The input count pulses are applied to the clock-1 
input. Simultaneous divisions by 2, 4, 8, and 16 are per- 
formed at the Qa, Qb, Qc» Qd output as shown in the 
function table at right. 

2. When used as a 3-bit ripple-through counter, the input 
count pulses are applied to the clock-2 input. Simulta- 
neous frequency divisions by 2, 4, and 8 are available 
at the Qb, Qc, and Qq outputs. Independent use of 
flip-flop A is available if the load and clear functions 
coincide with those of the 3-bit-ripple-through counter. 


COUNT 

OUTPUTS 

Qd Qc Qb Qa 

0 

L 

L 

L 

L 

1 

L 

L 

L 

H 

2 

L 

L 

H 

L 

3 

L 

L 

H 

H 

4 

L 

H 

L 

L 

5 

L 

H 

L 

H 

6 

L 

H 


L 

7 

L 

H 

H 

H 

8 

H 

L 

L 

L 

9 

H 

L 

L 

H 

10 

H 

L 

H 

L 

11 

H 

L 

H 

H 

12 

H 

H 

L 

L 

13 

H 

H 

L 

H 

14 

H 

H 

H 

L 

15 

H 

H 

H 

H 


LSI 97 

FUNCTION TABLE 

(See Note A) 


H = high level, L = low level 
NOTE A: Output Q A connected to 
clock-2 input. 


LOGIC DIAGRAM LSI 96 LOGIC DIAGRAM LSI 97 
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LSI 96 


Presettable BCD Decade Ripple Counter 
Presettable 4-Bit Binary Ripple Counter LS197 


Recommended Operating Conditions 




i 9LS/54LS 

9LS/74LS 

Unit 



Min 

Nom 

Max 

Min 

1201 

BEES 

Supply voltage, Vcc 

4.5 

5 

5.5 

4.75 

5 

hbi 


High-level output current, Iqh 



-400 





Low-level output current, Iql 



4 



8 


Count frequency 

Clock-1 input 

0 



0 




Clock-2 input 

0 



0 




Clock-1 input 

20 



20 




Pulse width, t w 

Clock-2 input 

30 



30 



ns 

Clear 

15 



15 




Load 

20 



20 




Input hold time, thoid 

High-level data 

tw (load) 







Low-level data 

tw (load) 






Input setup time, t setup 

High-level data 

10 



10 



ns 

Low-level data 

15 



15 



Count enable time, t ena bi e (see Note 1) 

20 



20 



ns 

Operating free-air temperature, T A 

-55 


125 

0 


70 

°C 


NOTE1 : 

Count enable time is the interval immediately preceding the negative-going edge of the clock pulse during which interval the count/load and 
clear inputs must both be high to ensure counting. 


Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted) 


Parameter 

Test Conditions* 

9LS/54LS 

9LS/74LS 

Unit 

Min 

Typ** 

Max 

Min 

Typ** 

Max 

V, H 


2 



2 



V 

VlL 




0.7 



0.8 

V 

V| 

V C c=MIN, 1 | = -18mA 



-1.5 



-1.5 

V 

V OH 

V CC =MIN, V m =2V, 

V|L=V|Lmax, l O H = _ 400jLiA 

2.5 

3.4 


2.7 

3.4 


V 

VOL 

V cc =MIN, V ih =2V, 

V|i_=V|l max 

l 0L =4mAt 


0.25 

0.40 


0.25 

0.40 

V 

l0L = 8mA 





0.35 

0.50 

lj 

Data, count/load 

V CC =MAX, V l=7 .0V 



0.1 



0.1 


Clear, clock 1 



0.2 



0.2 

mA 

Clock 2 of LSI 96 



0.4 



0.4 

Clock 2 of LSI 97 



0.2 



0.2 

IlH 

Data, count/load 

V CC =MAX, V,=2.7V 



20 



20 

m a 

Clear, clock 1 



40 



40 

Clock 2 of LSI 96 



80 



80 

Clock 2 of LSI 97 



40 



40 

IlL 

Data, count/load 

V CC =MAX, V,=0.4V 



-0.4 



-0.4 

mA 

Clear 



-0.8 



-0.8 

Clock 1 



-2.4 



-2.4 

Clock 2 of LSI 96 



-2.8 



-2.8 

Clock 2 of LSI 97 



-1.3 



-1.3 

ios* 

v cc =max 

-15 


-100 

-15 


-100 

mA 

Icctt 

V CC =MAX 


12 

20 


12 

20 

mA 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

* * All typical values are at V cc = 5 V, T A = 25° C. 
tNot more than one output should be shorted at a time. 

i|Q A outputs are tested at specified Iql plus the limit value of 1 1 1_ for the clock-2 input. This permits driving the clock-2 input while 
maintaining full fan-out capability, 
ttlcc ' s measured with all inputs grounded and all outputs open. 
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LSI 97 


Presettable BCD Decade Ripple Counter 


LSI 96 


Presettable 4-Bit Binary Ripple Counter 


Switching Characteristics, Vp C = 5V Over Recommended Free-Air Temperature Range 


Parameter 

From 

(input) 

To 

(output) 

-55°C 

+25°C 

+125°C 

Unit 



IHE3CQ1 


fmax 

LSI 96 

Clock 1 

Qa 




45 

70 





MHz 

fmax 

LSI 97 

Clock 1 

Qa 




45 

60 





MHz 

tPLH 

LSI 96 

Clock 1 

Qa 


10 

15 


8 

12 


10 

15 

ns 

tPHL 


14 

19 


12 

16 


14 

19 

tpLH 

LSI 97 

Clock 1 

Qa 


10 

15 


8 

12 


10 

15 

ns 

tPHL 


14 

19 


12 

16 


14 

19 

tpLH 

LSI 96 

Clock 2 

Qb 


13 

18 


11 

15 


13 

18 

ns 

tPHL 


16 

22 


14 

19 


16 

22 

tPLH 

LSI 97 

Clock 2 

q b 


12 

18 


10 

15 


12 

18 

ns 

tPHL 


15 

21 


13 

18 


15 

21 

tPLH 

LSI 96 

Clock 2 

Qc 


24 

37 


22 

34 


24 

37 

ns 

tPHL 


31 

43 


29 

40 


31 

43 

tPLH 

LSI 97 

Clock 2 

Qc 


24 

37 


22 

34 


24 

37 

ns 

tpHL 


28 

37 


26 

34 


28 

37 

tPLH 

LSI 96 

Clock 2 

q d 


13 

21 


11 

18 


13 

21 

ns 

tpHL 


18 

23 


16 

20 


18 

23 

tPLH 

LSI 97 

Clock 2 

Qd 


36 

55 


34 

50 


36 

55 

ns 

tPHL 


42 

60 


40 

55 


42 

60 

tPLH 

LSI 96 

A, B, C, D 

q A/ Qb.Qc.Qd 


14 

22 


12 

18 


14 

22 

ns 

tpHL 


23 

38 


21 

34 


23 

38 

tPLH 

LSI 97 

A, B, C, D 

Qa,Qb,Q(>Qd 


23 

22 


21 

18 


23 

22 

ns 

tpHL 


23 

38 


21 

34 


23 

38 

tPLH 

LSI 96 

Load 

Any 


22 

34 


20 

30 


22 

34 

ns 

tPHL 


33 

49 


31 

45 


33 

49 

tPLH 

LSI 97 

Load 

Any 


22 

34 


20 

30 


22 

34 

ns 

tpHL 


33 

49 


31 

45 


33 

49 

tPHL 

LS196 

Clear 

Any 


34 

49 


32 

45 


34 

49 

ns 

tPHL 

LSI 97 

Clear 

Any 


34 

49 


32 

45 


34 

49 


Note: AC specification shown under -55 C and +125 C are for 9LS devices only. All ROoF specifications 
are for 9LS only. 


a 
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LSI 96 


Presettable BCD Decade Ripple Counter 
Presettable 4-Bit Binary Ripple Counter LS197 

Switching Characteristics, V cc = 5V Over Recommended Free-Air Temperature Range 



Note: AC specification shown under -55°C and +125°C are for 9LS devices only. All 50pF specifications are for 9LS only. 
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LS221 


Dual Monostable Multivibrator with 
Schmitt-Trigger Inputs 


FEATURES 

■ LS221 is Dual Version of 54LS123, One Shot on a 
Monolithic Chip 

■ Pulse-Width Variance is Typically Less than ± 0.5% for 
98% of the Units 

■ Pin-Out is Identical to the LSI 23 
DESCRIPTION 

The 'LS221 is monolithic dual multivibrators with per- 
formance characteristics virtually identical to those of the 
LSI 23. Each multivibrator features a negative-transition- 
triggered input and a positive-transition-triggered input 
either of which can be used as an inhibit input. 

Pulse triggering occurs at a particular voltage level and is 
not directly related to the transition time of the input pulse. 
Schmitt- trigger input circuitry (TTL hysteresis) for B input 
allows jitter-free triggering from inputs with transition 
rates as slow as 1 volt/second, providing the circuit with 
excellent noise immunity of typically 1.2 volts. A high im- 
munity to Vcc noise of typically 1.5 volts is also privided 
by internal latching circuitry. 

Once fired, the outputs are independent of further transi- 
tions of the A and B inputs and are a function of the timing 
components, or the output pulses can be terminated by 
the overriding clear. Input pulses may be of any duration 
relative to the output pulse. Output pulse length may be 
varied from 35 nanoseconds to the maximums shown in the 


above table by choosing appropriate timing components. 
With R e xt = 2 k!2 and C ex t = 0, an output pulse of typi- 
cally 30 nanoseconds is achieved which may be used as a 
d-c-triggered reset signal. Output rise and fall times are TTL 
compatible and independent of pulse length. Typical 
triggering and clearing sequences are illustrated as a part of 
the switching characteristics waveforms. 

Pulse width stability is achieved through internal compensa- 
tion and is virtually independent of Vcc and temperature. 
In most applications, pulse stability will only be limited by 
the accuracy of external timing components. 

Jitter-free operation is maintained over the full temparature 
and Vqc ranges for more than six decades of timing ca- 
pacitance (10 pF to 10/iF) and 2 k!T2 to 70 k£l for 54LS221 
and 2 k£2 to 100 k£2 for the 74LS221). Throughout these 
ranges, pulse width is defined by the relationship: t w ( 0 ut) = 
Cext^ext ^2 « 0.7 Cext^ext- In circuits where pulse 
cutoff is not critical, timing capacitance up to 1000 juF 
and timing resistance as low as 1.4 k£2 may be used. Also, 
the range of jitter-free output pulse widths is extended if 
Vcc > s held to 5 volts and free-air temperature is 25°C. 
Duty cycles as high as 90% are achieved when using maxi- 
mum recommended Rj. Higher duty cycles are available if a 
certain amount of pulse-width jitter is allowed. 

Pin assignments for this device is identical to that of the 
LSI 23 so that the 'LS221 can be substituted for those 
products in systems not using the retrigger by merely chang- 
ing the value of R e xt and/or C ex t- 


GND 

9 8 7 



15 16 1 

Vcc 


1 Rext/ 1 2 

Vcc Cext Cext IQ 2Q CLR 2B 2A 



Positive Logic: Low input to clear resets Q low and Q high 
regardless of d-c levels at A or B inputs. 


Die Size .085 x .071 
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Dual Monostable Multivibrator with 
Schmitt-Trigger Inputs 


LS221 


FUNCTION TABLE 
(EACH MONOSTABLE) 


INPUTS | 

OUTPUTS 

Q Q 

CLEAR 

A 

B 

L 

X 

X 

L 

H 

X 

H 

X 

L 

H 

X 

X 

L 

L 

H 

H 

L 

t 

_n_ 

i_r 

H 

1 

H 

_n_ 

is 


Also see description and switching characteristics 


i 

H = high level (steady state) 

i 

J |_= one high-level 

L = low level (steady state) 

pulse 

t = transition from low to high level 

~| 1~= one low-level 

i = transition from high to low level 

pulse 


X = irrelevant 


Vcc 



ToCext To Rext/Cext 

Terminal Terminal 
TIMING COMPONENT CONNECTIONS 


FIGURE 1 


SCHEMATICS OF INPUTS AND OUTPUTS 



Recommended Operating Conditions 



9LS/54LS 

9LS/74LS 

Unit 

Min. 

Norn. 

Max. 

Min. 

Nom. 

Max. 

Supply voltage, Vcc 

4.5 

5 

5.5 

4.75 

5 

5.25 

V 

High-level output current, Iqh 



-400 



-400 

mA 

Low-level output current, Iql 



4 



8 

mA 

Rate of rise or fall of input pulse, dv/dt 

Schmitt, B 

1 



1 



V/s 

Logic input, A 

1 



1 



V /ms 

Input pulse width 

A or B, t w ( in ) 

40 



40 



ns 

Clear, t w ( c | ear ) 

40 



40 



i 

Clear-inactive-state setup time, t setup 

15 



15 



ns 

External timing resistance, R e xt 

1.4 

! 

70 

1.4 


100 

kS7 

External timing capacitance, C ex1; 

0 


1000 

0 


1000 

JuF 

Output duty cycle 

R T = 2 k£2 



67 



67 

% 

R T = MAX R ext 



90 



90 

Operating free-air temperature, 

-55 


125 

0 


70 

°C 
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LS221 


Dual Monostable Multivibrator with 
Schmitt-Trigger Inputs 


Electrical Characteristics Over Recommended Operating Free-Air Temperature Range 
(Unless Otherwise Noted) 


Parameter 

Test Conditions"'’ 

9LS/54LS 

9LS/74LS 

Unit 

Min. 

Typ.* 

Max. 

Min. 

Typ* 

Max. 

Positive-going threshold 

V T+ . 

voltage at A input 

V cc = MIN 


1.0 

2 


1.0 

2 

V 

Negative-going threshold 

V T- 

voltage at A input 

V CC = MIN 

0.7 

1.0 


0.8 

1.0 


V 

Positive-going threshold 

V T+ 

voltage at B input 

V CC = MIN 


1.0 

2 


1.0 

2 

V 

Negative-going threshold 

V T- 

voltage at B input 

V CC = MIN 

0.7 

0.9 


0.8 

0.9 


V 

Vj Input clamp voltage 

V CC = M IN, 1 1 = -18 mA 



-1-5 



-1.5 

V 

Vqh High-level output voltage 

V CC = MIN, Ioh = , ^400mA 

2.5 

3.5 


2.7 

3.5 


V 

Vql Low-level output voltage 

V CC = MIN 

'OL = 4 mA 


0.25 

0.4 


0.25 

0.4 

V 

Iql = 8 mA 





0.35 

0.5 

Input current at 

l| 

maximum input voltage 

VcC = MAX ' Vj = 7V 



0.1 



0.1 

mA 

l|H High-level input current 

V CC = MAX, V| = 2.7V 



20 



20* 

m a 

ljl_ Low-level input current 

Input A 

V C c = MAX, V, = 024V 



-0.36 



-0.36 

mA 

Input B 



-0.44 



-0.44 

Clear 



-0.54 



-0.54 

'OS Short-circuit output current^ 

V CC = MAX 

-30 


-100 

-15 


-100 

mA 

Ice Supply current 

V CC = MAX 

Quiescent 


4.7 

11 


4.7 

11 

mA 

Triggered 


19 

27 


19 

27 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
*A!I typical values are at Vqq = 5V, T/^ = 25°C 

^Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
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Dual Monostable Multivibrator with 
Schmitt-Trigger Inputs 


LS221 


Switching Characteristics V cc = 5.0V Over Recommended Free-Air Temperature Range. 


Parameter 

From 

(Input) 

To 

(Output) 

-55° C 

+25° C 

+ 125°C 

Unit 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Test Conditions: R L = 2.0k, C L = 15pF, C ex , = 80pF, R ext = 2.0kn (See Fig. 1 on 2-139) 

TW(out) 

A or B 

Q or Q 

77 _ 

138 

175 

70 

120 

150 

77 

138 

175 

ns 

Test Conditions: R L = 2.0k, C L = 15pF, C ext = 0, R ext = 2.0kO (See Fig. 1 on page 2-139) 

TW(o U t) 

A or B 

Q or Q 

22 

50 

80 

20 

47 

70 ' 

22 

50 

80 

ns 

Test Conditions: R L = 2.0k, C L = 15pF, C ext = lOOpF, R ext = 10kH (See Fig. 1 on page 2-139) | 

TW( out ) | A or B | Q or Q | 600 | 725 | 870 | 600 

670 

750 | 620 | 750 | 870 

ns 

Test Conditions: R u = 2.0k, C L = 15pF, C ext = IpF, R ext = lOkft (See Fig. 1 on page 2-139) j 

TW( 0ut) 

A or B 

Q or Q 

6.0 

7.7 

8.5 

6.0 

6.7 

7.5 1 

6.0 

7.7 

8.5 


Test Conditions: R L = 2.0k, C L = 15pF, C ext = 80pF, R ext = 2.0kO (See Fig. 1 on page 2-139) j 

t PLH 

A 

Q 


48 

74 


45 

70 


48 

74 

ns 

B 

Q 


38 

59 


35 

55 


38 

59 

tPHL 

A 

■q 


53 

84 


50 

80 


53 

84 

ns 

B 

Q ' 


43 

69 


40 

65 


43 

69 

t PHL 

Clear 

Q 


38 

59 


35 

55 


38 

59 

ns 

t PLH 

Clear 

Q 


47 

69 


44 

65 


47 

69 

ns 


Note: AC specification shown under -55° C and +1 25° C are for 9LS devices only. All 50pF specifications are for 9LS devices only. 


PARAMETER MEASUREMENT INFORMATION 



3V 

0V 

3V 

0V 

VOH 

VOL 

VOH 

VOL 


B input is high 


TRIGGER FROM A, THEN CLEAR 


A INPUT 



z 


Q OUTPUT 

Q OUTPUT 


/ 


1.3 


tw(out) 



I 


1.3 


tw(out) 



B and dear inputs are high 

TRIGGER FROM A 


3V 

0V 

VOH 

V 0 L 

VOH 

VOL 


^RAYTHEON^ 


2-141 







LS221 


NOTES: 


Dual Monostable Multivibrator with 
Schmitt-Trigger Inputs 


PARAMETER MEASUREMENT INFORMATION 



B INPUT 

CLEAR 



X 


Q OUTPUT _ 
A input is low 


/ \ 

TRIGGER FROM B, THEN CLEAR— CONDITION 2 


3V 

OV 

3V 

OV 

VOH 

VOL 


B INPUT 

1 



■*— >50 ns — ► 

>0 

CLEAR \ 

Cf 


1C 


Jr 


£ 


-tsetup-^ 


1.3V \ 


1.3 


TRIGGERED^ 


NOT TRIGGERED 
A input is low 


jf 


CLEAR OVERRIDING B, THEN TRIGGER FROM B 


3V 

OV 

3V 

OV 

VOH 

VOL 


B INPUT 

CLEAR 


/ 

\j±l- - 



Q OUTPUT 


/ 



A input is low 

TRIGGERING FROM POSITIVE TRANSITION OF CLEAR 


3V 

OV 

3V 

OV 

VOH 

VOL 


A. Input pulses are supplied by generators having the following characteristics: PRR < 1 MHz, Z ou ^ « 50 £2; t r < 1 5 ns, tf < 6 ns. 
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LS251 


8-Line-To-1-Line Multiplexer 
With Three-State Outputs 


FEATURES 

■ Selects one of eight data sources 

■ Performs parallel-to-serial conversion 

■ Complementary 3-state outputs 

DESCRIPTION 

This monolithic data selector/multiplexer contains full 
on-chip binary decoding to select one-of-eight data sources 
and features a strobe-controlled three-state output. The 
strobe must be at a low logic level to enable this device. 
The three-state outputs permit a number of outputs to be 
connected to a common bus. When the strobe input is high, 
both outputs are in a high-impedance state in which both 
the upper and lower transistors of each totem-pole output 
are off, and the output neither drives nor loads the bus 
significantly. When the strobe is low, the outputs are 
activated and operate as standard TTL totem-pole outputs. 

To minimize the possibility that two outputs will attempt 
to take a common bus to opposite logic levels, the output 
control circuitry is designed so that the average output 
disable time is shorter than the average output enable time. 


PIN-OUT DIAGRAM 


2 1 16 15 



8 9 10 


Die Size .056 x .057 


DATA INPUTS DATA SELECT 


Vcc 

5 

6 

7' 


B 

c 

nuns] nn cn on tm 

Mill 

“f! 

E 


04 

D5 

D6 

07 

A 

B 


r 

03 





C - 

- 


D2 

D 1 

DO 

Y 

W 

S 



I ITTTTT 
00000000 


3 2 1 0 Y W £ GND 

s v f ' v ' o 

DATA INPUTS OUTPUTS £ 

C/5 


Recommended Operating Conditions 



9LS/54LS 

9LS/74LS 

Unit 

Min 

Nom 

Max 

Min 

Nom 

Max 

Supply voltage, Vcc 

4.5 

5 

5.5 

4.75 

5 

5.25 

V 

High-level output current, Iqh 



-1 



-2.6 

mA 

Low-level output current, Iol 



8 



8 

mA 

Operating free-air temperature, T^ 

-55 


125 

0 


70 

°C 



OUTPUT Y 
OUTPUT W 


FUNCTION TABLE 


INPUTS i 

OUTPUTS 

SELECT 

STROBE 



c 

B 

A 

S 

' 

W 

X 

X 

X 

H 

Z 

z 

L 

L 

L 

L 

00 

DO 

L 

L 

H 

L 

D1 

dT 

L 

H 

L 

L 

D2 

D2 

L 

H 

H 

L 

D3 

D3 

H 

L 

L 

L 

D4 

D4 

H 

L 

H 

L 

D5 

D5 

H 

H 

L 

L 

D6 

06 

H 

H 

H 

L 

D7 

D7 


H = high logic level, L = low logic level 
X = irrelevant, Z = high impedance (off) 

DO, D1 . . . D7 = the level of the respective D input 


Eraytheon^ 


2-143 





LS251 


8-Line-To-l-L.ine Multiplexer 
With Three-State Outputs 


Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted) 


Parameter 

Test Conditions* 

9LS/54LS 

9LS/74LS 

Unit 

IQQH 

0231 

Max 



U223II 

V|H 


2 



2 








0.7 



mi 

V 

V| 

V C c=MIN, l| = -18mA 



-1.5 




mm 

V OH 

V CC =MIN, V|h=2V, 

v (L =max, i 0 h=max 

2.4 

3.4 


2.7 

D 

■ 

D 

VOL 


tESSSSSKM 



0.4 



msM 

D 

lElSSQi 







*0 (off) 

V CC =MAX, 

V,h=2V 

V 0 =2.7V 



20 



20 

m a 

V o =0.4V 



-20 



-20 

ii 

V CC = MAX, V,=7V 



0.1 



0.1 

mA 

IlH 

V CC =MAX, V,=2.7V 



20 



20 

VA 

IlL 

V C c = MAX, V|=0.4V 



-0.4 



-0.4 

mA 

•ost 

V C c = MAX 

-15 


-100 

-15 


-100 

mA 

•cctt 

v cc =max 

Condition A 


6.1 

10 


6.1 

10 

mA 

Condition B 


7.1 

12 


7.1 

12 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

**AII typical values are at Vcc = 5 V, T A = 25° C. 
tNot more than one output should be shorted at a time. 

ttlQc is measured with the outputs open and all data and select inputs at 4.5V under the following conditions: 

A. Strobe grounded. 

B. Strobe at 4.5V 
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8-Line-To-1-Line Multiplexer 
With Three-State Outputs 


LS251 


Parameter 

From 

(input) 

To 

(output) 

— 55°C 

+25°C 

+ 125°C 

Unit 

Min | Typ | Max 

Min 

Typ | Max 

Min | Typ | Max 

Test Conditions: C L = 15pF, R L = 2kil (See Fig. A, page 2-174) j 

tpLH 

A, B, or C 
(4 levels) 

Y 


23 

32 


23 

34 


27 

42 

ns 

tpHL 


21 

29 


20 

28 


24 

34 

tPLH 

A, B, or C 
(3 levels) 

W 


16 

24 


17 

25 


21 

30 

ns 

tpHL 


16 

25 


15 

24 


17 

26 

tPLH 

Any D 

Y 


11 

17 


11 

20 


18 

26 

ns 

tpHL 


12 

17 


11 

16 


14 

20 

tPLH 

Any D 

w 


9 

16 


10 

17 


13 

19 

ns 

tpHL 


5 

10 


5 

10 


5 

10 

tZH 

Strobe 

Y 


8 

13 


8 

14 


10 

16 

ns 

tZL 


12 

18 


11 

18 


15 

22 

tZH 

Strobe 

W 


11 

17 


14 

21 


11 

17 

ns 

tZL 


12 

19 


12 

18 


13 

19 

Test Conditions: C L = 5pF, R L = 2kH (See Fig. C on page 2-174) j 

tHZ 

Strobe 

Y 


10 

15 


8 

13 


7 

12 

ns 

tLZ 


7 

11 


6 

11 


8 

13 

tHZ 

Strobe 

W 


13 

18 


11 

16 


10 

15 

ns 

tLZ 


7 

11 


6 

10 


7 

14 

Test Conditions: C k = 50pF, R L = 2k(l (See Fig. A, page 2-174) | 

tPLH 

A, B, or C 
(4 levels) 

Y 


25 

34 


26 

37 


33 

44 

ns 

tpHL 


27 

35 


25 

32 


28 

37 

tPLH 

A, B, or C 
(3 levels) 

W 


17 

25 


18 

26 


22 

31 

ns 

tpHL 


19 

27 


18 

27 


20 

29 

tPLH 

Any D 

Y 


13 

20 


14 

22 


20 

28 

ns 

tpHL 


18 

23 


16 

21 


19 

25 

tpLH 

Any D 

W 


10 

17 


11 

18 


14 

21 

ns 

tpHL 


7 

13 


6 

12 


6 

12 

tZH 

Strobe 

Y 


11 

16 


11 

17 


13 

19 

ns 

tZL 


18 

24 


17 

23 


20 

27 

tZH 

Strobe 

W 


13 

19 


17 

23 


15 

21 

ns 

tZL 


14 

21 


16 

22 


17 

23 


Note: AC specification shown under -55 
All 50pF specifications are for 9LS 


C and +125 C are for 9LS devices only, 
only. 
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LS253 


Dual 4-Line-To-1-Line Multiplexer 
With Three-State Outputs 


FEATURES 

■ Three-state version of LSI 53 

■ Non-inverting 

■ Permits multiplexing from N lines to 1 line 

■ Performs parallel-to-serial conversion 

DESCRIPTION 

The LS253 is a high-speed dual 4-line-to-1 -line multiplexer 
with common select inputs and separate output control 
inputs for each half. Each half can select one bit of four 
and present it at the output in non-inverted form. 

The three-state outputs can interface with and drive data 
lines of bus-organized systems. With all but one of the 
common outputs disabled (at a high-impedance state) 
the low-impedance of the single enabled output will drive 
the bus line to a high or low logic level. 


FUNCTION TABLE 


SELECT 

INPUTS 

DATA INPUTS 

OUTPUT 

CONTROL 

OUTPUT 

B 

A 

CO 

Cl 

C2 

C3 1 

G 

Y 

X 

X 

X 

X 

X 

X 

H 

Z 

L 

L 

L 

X 

X 

X 

L 

L 

L 

L 

H 

X 

X 

X 

L 

H 

L 

H 

X 

L 

X 

X 

L 

L 

L 

H 

X 

H 

X 

X 

L 

H 

H 

L 

x 

X 

L 

X 

L 

L 

H 

L 

X 

X 

H 

X 

L 

H 

H 

H 

X 

X 

X 

L 

L 

L 

H 

H 

X 

X 

X 

H 

L 

H 


PIN-OUT DIAGRAM 


OUTPUT 
CONTROL 
Vcc 2G 



< 


DATA 

INPUTS OUTPUT 

— a ,2Y 


D 




a 

1Y GND 
DATA INPUTS OUTPUT 


13 12 11 10 



3 4 5 6 7 


Die Size .057 x .061 


Address inputs A and B are common to both sections. 

H = high level, L = low level, X = irrelevant, Z = high impedance (off) 
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Dual 4-Line-To-1-Line Multiplexer 
With Three-State Outputs 


LS253 


Recommended Operating Conditions 



9LS/54LS 

9LS/74LS 

Unit 

Min 

Nom 

Max 

Min 

Nom 

Max 

Supply voltage, V cc 

4.5 

5 

5.5 

4.75 

5 

5.25 

V 

High-level output current, Iqh 



-1 



-2.6 

mA 

Low-level output current, Iql 



4 



8 

mA 

Operating free-air temperature, T A 

-55 


125 

0 


70 

°C 


Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted) 


Parameter 

Test Conditions* 

9LS/54LS 

9LS/74LS 

Unit 

Min 

Typ** 

Max 

Min 

Typ** 

Max 

V|H 


2 



2 



V 

V|L 




0.7 



0.8 

V 

V, 

V CC =MIN, l, = -18mA 



-1.5 



-1.5 

V 

V OH 

V CC =MIN, V| H =2V, 

V|L = V||_max, Iqh = MAX 

2.4 

3.4 


2.4 

3.1 


V 

O 

> 

V C C=MIN, V ih =2V, 

V j(_ =V|t_ max 

loL = 4mA 


0.25 

0.40 


0.25 

0.40 

V 

loL = 8mA 





0.35 

0.50 

*0 (off) 

V CC = IVIAX, 

V ih”2V 

V 0 =2.7V 



20 



20 

mA 

V o =0.4V 



-20 



-20 

h 

V CC = MAX, V,=7V 



0.1 



0.1 

mA 

IlH 

V CC =MAX, V|=2.7V 



20 



20 

H A 

«IL 

V CC =MAX, V,=0.4V 



-0.4 



-0.4 

mA 

los+ 

v cc =max 

-15 


-100 

-15 


-100 

mA 

, CC tt 

V CC =MAX 

Condition A 


7 

12 


7 

12 

mA 

Condition B 


8.5 

14 


8.5 

14 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

* * All typical values are at Vqq = 5 V, T A = 25° C. 

+ Not more than one output should be shorted at a time, 
ttlcc is measured with the outputs open under the following conditions: 

A. All inputs grounded. 

B. Output control at 4.5V, all inputs grounded. 


Switching Characteristics, Vp C - 5V Over Recommended Free-Air Temperature Range 


Parameter 

From 

(input) 

To 

(output) 

— 55°C 

+25°C 

+ 125°C 

Unit 

Min | Typ | Max 

Min | Typ | Max 

Min | Typ | Max 

Test Conditions: C L - 15pF, R L = 2k Cl (See Fig. A, page 2-174) | 

tPLH 

Data 

Y 


9 

15 


7 

12 


9 

15 

ns 

tPHL 


14 

22 


12 

17 


14 

22 

tPLH 

Select 

Y 


20 

30 


18 

25 


20 

30 

ns 

tPHL 


20 

31 


18 

27 


20 

31 

tZH 

Output 

Control 

Y 


12 

21 


10 

16 


12 

21 

ns 

tZL 


15 

23 


13 

18 


15 

23 

Test Conditions: C L = 5pF, R L = 2kH (See Fig. C on page 2-174) | 

tHZ 

tLZ 

Output 

Control 

Y 


9 

16 


7 

15 


9 

16 

ns 


13 

22 


12 

19 


13 

22 

Test Conditions: C 

; u = 50pF, R l = 

2k ft (See Fig. A, page 2-174) j 

tPLH 

Data 

Y 


13 

20 


10 

16 


13 

20 

ns 

tPHL 


18 

27 


' 15 

21 


18 

27 

tPLH 

Select 

Y 


24 

35 


21 

29 


24 

35 

ns 

tPHL 


24 

36 


21 

29 


24 

36 

tZH 

Output 

Control 

Y 


16 

26 


13 

20 


16 

26 

ns 

tZL 


19 

28 


16 

21 


19 

28 


Note: AC specification shown under -55 C and +125 C are for 9LS devices only. All 50pF specifications are for 9LS only. 
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LS255 


Dual 2-Line-To-4-Line Decoder/Demultiplexer 
With Three-State Outputs 


FEATURES 

■ Three-state version of LSI 55 

■ Applications: 

Dual 2-Line-to-4-Line Decoder 
Dual 1-Line-to-4-Line Demultiplexer 
3-Line-to-8-Line Decoder 
1-Line-to-8-Line Demultiplexer 
DESCRIPTION 

The LS255 features dual 1 -line-to-4-line demultiplexers 
with individual strobes and common binary-address inputs 
in a single 16-pin package. When both sections are enabled 
by the output controls, the common binary-address inputs 
sequentially select and route associated input data to the 
appropriate output of each section. The individual controls 
permit activating or inhibiting each of the 4-bit sections as 
desired. Data applied to input 1C is inverted at its outputs 
and data applied at 2C is not inverted through its outputs. 
The inverter following the 1C data input permits use as 
a 3-to-8-line decoder or 1-to-8-line demultiplexer without 
external gating. Input clamping diodes are provided on all 
of these circuits to minimize transmission-line effects and 
simplify system design. 


FUNCTION TABLE 
3-LINE-TO-8-LINE DECODER 
OR 1 -LINE-TO-8-LINE DEMULTIPLEXER 


INPUTS 

OUTPUTS | 

SELECT 

CONTROL 

DATA 





B A 

1G 

1C 

1 YO 

1Y1 

1Y2 

1Y3 

X X 

H 

X 

z 

z 

z 

z 

L L 

L 

H 

L 

H 

H 

H 

L H 

L 

H 

H 

L 

H 

H 

H L 

L 

H 

H 

H 

L 

H 

H H 

L 

H 

H 

H 

H 

L 

X X 

X 

L 

h' 

H 

H 

H 


INPUTS 

OUTPUTS 

SELECT 

CONTROL 

DATA 





B A 

2G 

2C 

2Y0 

2Y1 

2Y2 

2Y3 

X X 

H 

X 

z 

z 

z 

z 

L L 

L 

L 

L 

H 

H 

H 

L H 

L 

L 

H 

L 

H 

H 

H L 

L 

L 

H 

H 

L 

H 

H H 

L 

L 

H 

H 

H 

L 

X X 

X 

H 

H 

H 

H 

H 


FUNCTION TABLES 
2-LINE-TO-4-LINE DECODER 
OR 1-LINE-TO-4-LINE DEMULTIPLEXER 


INPUTS 

OUTPUTS ! 

SELECT 

CONTROL 
OR DATA 

(0) 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

C+ 

B 

A 

Gt 

2YO 

2Y1 

2Y2 

2Y3 

1 YO 

1Y1 

1Y2 

1Y3 

X 

X 

X 

H 

z 

z 

z 

z 

z 

z 

z 

z 

L 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

L 

L 

H 

L 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

L 

L 

H 

H 

L 

H 

H 

H 

H 

H 

L 

H 

H 

L 

H 

H 

H 

L 

H 

H 

H 

H 

H 

L 

L 

L 

H 

H 

H 

H 

L 

H 

H 

H 

H 

L 

H 

L 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

L 

L 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

L 

H 

H 

H_ 

H 

H 

H 

H 

L 


PIN-OUT DIAGRAM 
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tC = inputs 1C and 2C connected together 
tG = inputs 1G and 2G connected together 
H = high level, L = low level, X = irrelevant, Z = high impedance (off) 







LS255 


Dual 2-Line-To-4-Line Decoder/Demultiplexer 

With Three-State Outputs 


Recommended Operating Conditions 



9LS/54LS 

9LS/74LS 

Unit 

Min 

Nom 

Max 

Min 

Nom 

Max 

Supply voltage, Vqq 

4.5 

5 

5.5 

4.75 

5 

5.25 

V 

High-level output current, Iqh 



-1 



-2.6 

mA 

Low-level output current, Iql 



4 



8 

mA 

Operating free-air temperature, T A 

-55 


125 

0 


70 

°C 


Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted) 


Parameter 

Test Conditions* 

9LS/54LS 

9LS/74LS 

Unit 

Min 

Typ** 

Max 

Min 

Typ** 

Max 

V|H 


2 



2 



V 

V|L 




0.7 



0.8 

V 

V| 

V CC =MIN, l, = -18mA 



-1.5 



-1.5 

V 

VoH 

V CC =MIN, V 1H =2V, 

V|L=V||_max, Iqh = MAX 

2.4 

3.4 


2.7 

3.4 


V 

V OL 

V C c=MIN, V|h=2V, 

V|L=V, L max 

loL = 4mA 


0.25 

0.4 


0.25 

0.4 

V 

l0L = 8mA 





0.35 

0.5 

•o (off) 

V CC =MAX, 

V IH =2V 

V 0 =2.7V 



20 



20 

juA 

V o =0.4V 



-20 



-20 

l| 

V CC =MAX, V|=7V 



0.1 1 



0.1 

mA 

1 IH 

V CC =MAX < V|=2.7V 



20 



20 

mA 

IlL 

V CC =MAX, V|=0.4V 



-0.4 



-0.4 

mA 

l OS t 

V CC =MAX 

-15 


-100 

-15 


-100 

mA 

Icc+t 

Vcc- M AX 



Condition A 


6 

10 


6 

10 

mA 

Condition B 


11 

17 


11 

17 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

* * All typical values are at Vqc = 5 V, T A = 25° C. 

tNot more than one output should be shorted at a time, 
ttlcc ' s measured with the outputs open under the following conditions: 

A. A, B, and 1 C inputs at 4.5V, and 2C, 1 G, and 2G inputs grounded. 

B. Same as Condition A except inputs 1 G and 2G at 4.5V. 


Switching Characteristics, Vp C = 5V Over Recommended Free-Air Temperature Range 


Parameter 

From 

(input) 

To 

(output) 

-55°C 

+25°C 

+125°C 

Unit 

Min | Typ | Max 

Min | Typ | Max 

Min | Typ | Max 

Test Conditions: C L = 15pF, R L = 2kfl (See Fig. A, page 2-174) j 

tPLH 

A, B, 1C 
or 2C 

Y 


15 

21 


13 

18 


15 

21 

ns 

tPHL 


18 

24 


16 

22 


18 

24 

tPLH 

A or B 
(3 levels) 

Y 


18 

24 


16 

22 


18 

24 

ns 

tPHL 


22 

29 


20 

26 


22 

29 

tZH 

Output 

Control 

Y 


12 

18 


10 

15 


12 

18 

ns 

tZL _ .. 


14 

20 


12 

18 


14 

20 

Test Conditions: C L = 5pF, R L = 2 

k(l (See Fig. C on page 2-174) J 

tHZ 

Output 

Control 

Y 


11 

18 


9 

15 


11 

18 

ns 

t|_Z 


17 

23 


15 

20 


17 

23 

Test Conditions: C 

l = 50pF, R l = 2k n (See Fig. A, page 2-174) ] 

tPLH 

A, B, 1C 
or 2C 

Y 


19 

27 


16 

22 


19 

27 

ns 

tPHL 


22 

30 


20 

28 


22 

30 

tPLH 

A or B 
(3 levels) 

Y 


22 

30 


20 

28 1 


22 

30 

ns 

tPHL 


26 

34 


24 

32 


26 

34 

tZH 

Output 

Control 

Y 


16 

22 


14 

20 


16 

22 

ns 

tZL 


18 

26 


16 



18 

26 


Note: AC specification shown under -55 C and +125 C are for 9LS devices only. 
All 50pF specifications are for 9LS only. 
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LS257 LS258 


Quadruple 2-Line-To-1-Line 
Multiplexers With Three-State Outputs 


DESCRIPTION 

These data selectors/multiplexers select a 4-bit word from 
one of two sources and present it at the four outputs. 
The LS257 presents true data; the LS258 presents inverted 
data. With Output Control HIGH, the outputs are forced 
to a high impedance state. 


FUNCTION TABLE 


INPUTS 

OUTPUT V 

OUTPUT 

CONTROL 

SELECT 

A 

B 

LS257 

LS258 

H 

X 

X 

X 

Z 

Z 

L 

L 

L 

X 

L 

H 

L 

L 

H 

X 

H 

L 

L 

H 

X 

L 

L 

H 

L 

H 

X 

H 

H 

L 


H = high level, L = low level, X = irrelevant, Z = high impedance (off) 


Low level at S selects A inputs. 
High level at S selects B inputs. 


PIN-OUT DIAGRAMS 
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Quadruple 2-Line-To-1-Line 
Multiplexers With Three-State Outputs 


LS257 LS258 


LOGIC DIAGRAMS 

LS257 LS258 




Recommended Operating Conditions 



9LS/54LS 

9LS/74LS 


Min 

Nom 

Max 

Min 

Nom 

Max 

Supply voltage, Vcc 

4.5 

5 

5.5 

4.75 

5 

5.25 

V 

High-level output current, Iqh 



-1 



-2.6 

mA 

Low-level output current, Iql 



4 



8 

mA 

Operating free-air temperature, 

-55 


125 

0 


70 

°C 


[jraytheonJ 
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LS257 LS258 


Quadruple 2-Line-To-1-Line 
Multiplexers With Three-State Outputs 


Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted) 


Parameter 

Test Conditions* 

9LS/54LS 

9LS/74LS 

Unit 

Min 

Typ** 

Max 

mu 

cm 


V|H 


2 



2 












izi 

V| 









V OH 

V CC =MIN f V ih -2V, 

V il = V !i_ max, Iqh “MAX 

2.4 

3.4 


m 



H 

_i 

O 

> 

V CC =MIN, V,h=2V, 

V|L=V| L max 

IOL = 4mA 


0.25 

0.4 




D 

l 0 L =8mA 





1 g 


■oZH 

Vcc^MAX, V, h =2V 

V n =2.4V 







//A 

! ozl 

V C c=MAX, V| H =2V, 

V o =0.4V 








ii 

S input 

Vcc^MAX, Vj=7V 






■ 


Any other 






0.1 

m 

S input 

V cc =MAX f V|=2.7V 



40 



40 


Any other 



20 



20 

IlL 

S input 

V CC =MAX, V,=0.4V 



-0.8 



-0.8 

mA 

Any other 



-0.4 



-0.4 

■ost 


v cc =max 

-15 


-100 

-15 


-100 

mA 

lcc++ 

All outputs 

high 

Vqq—M AX 

LS257 


5.9 

10 


5.9 

10 

mA 

All outputs 

low 


9.2 

16 


9.2 

16 

All outputs 

off 


10 

17 


10 

17 

AM outputs 
high 

LS258 


4.1 

7 


4.1 

7 

All outputs 

low 


6.2 

11 


6.2 

11 

All outputs 


7.0 

12 


7.0 

12 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

**AII typical values are at Vq C = 5V, = 25°C. 

+Not more than one output should be shorted at a time. 

+ + 1 CC ' s measured with all outputs open and all possible inputs grounded while achieving the stated output conditions. 
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Quadruple 2-Line-To-1-Line 
Multiplexers With Three-State Outputs 


LS257 LS258 


Switching Characteristics, V cc = 5V Over Recommended Free-Air Temperature Range 


Parameter 

From 

(input) 

To 

(output) 

— 55°C 

+25°C 

+125°C 

Unit 

Min | Typ j Max 

Min | Typ | Max 

Min | Typ | Max 

Test Conditions: C L = 15pF, R L = 2kO (See Fig. C on page 2-174) | 

tpLH 

tPHL 

LS257 

Data 

Any 


8 

15 


6 

'12 


8 

15 

ns 


9 

15 


7 

12 


9 

15 

tPLH 

LS258 

Data 

Any 


10 

17 


8 

14 


10 

17 

ns 

tpHL 


7 

15 


5 

12 


7 

15 

tPLH 

LS257 

Select 

Any 


14 

21 


12 

18 


14 

21 

ns 

tPHL 


14 

21 


12 

18 


14 

21 

tPLH 

LS258 

Select 

Any 


14 

21 


12 

18 


14 

21 

ns 

tPHL 


12 

21 


10 

18 


12 

21 

tZH 

LS257 

Output 

Control 

Any 


12 

21 


10 

18 


12 

21 

ns 

tZL 


12 

19 


10 

16 


12 

19 

tZH 

LS258 

Output 

Control 

Any 


12 

21 


10 

18 


12 

21 

ns 

tZL 


13 

21 


11 

18 


13 

21 

Test Conditions: C L = 15pF, R L = 2k(l (See Fig. A, page 2-174) | 

tHZ 

LS257 

Output 

Control 

Any 


12 

18 


10 

15 


12 

18 

ns 

tLZ 


12 

21 


10 

18 


12 

21 

tHZ 

LS258 

Output 

Control 

Any 


11 

18 


.9 

15 


11 

18 

ns 

tLZ 


10 

18 


8 

15 


10 

18 

Test Conditions: C L = 50pF, R L = 2kO (See Fig. A, page 2-174) | 

tPLH 

LS257 

Data 

Any 


12 

19 


10 

17 


12 

19 

ns 

tPHL 


13 

20 


11 

17 


13 

20 

tPLH 

LS258 

Data 

Any 


14 

22 


12 

19 


14 

22 

ns 

tPHL 


11 

19 


9 

17 


11 

19 

tPLH 

LS257 

Select 

Any 


18 

25 


16 

23 


18 

25 

ns 

tPHL 


18 

25 


16 

23 


18 

25 

tPLH 

LS258 

Select 

Any 


18 

25 


16 

23 


18 

25 

ns 

tpHL 


16 

25 


14 

23 


16 

25 

tZH 

LS257 

Output 

Control 

Any 


16 

25 


14 

23 


16 

25 

ns 

tZL 


16 

24 


14 

21 


16 

24 

tZH 

LS258 

Output 

Control 

Any 


16 

25 


14 

23 


16 

25 

ns 

tZL 


17 

25 


15 

23 


17 

25 


Note: AC specification shown under “55 C and +125 C are for 9LS devices only. 
All 50pF specifications are for 9LS only. 
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LS261 


2-Bit By 4-Bit Parallel Binary Multipliers 


FEATURES 

■ Fast Multiplication . . . 5-Bit Product in 26ns Typ 

■ Power Dissipation . . . HOmW Typical 

■ Latch Outputs for Synchronous Operation 

■ Expandable for m-Bit-by-n-Bit Applications 

■ Fully Compatible with Most TTL and Other Saturated 
Low-Level Logic Families 

■ Diode-Clamped Inputs Simplify System Design 

DESCRIPTION 

These low-power Schottky circuits are designed to be 
used in parallel multiplication applications. They perform 
binary multiplication in two's-complement form, two bits 
at a time. 

The M inputs are for the multiplier bits and the B inputs 
are for the multiplicand. The Q outputs represent the 
partial product as a recoded base-4 number. This recoding 
effectively reduces the Wallace-tree hardware requirements 
by a factor of two. 

The outputs represent partial products in one's complement 
form generated as a result of multiplication. A simple 
rounding scheme using two additional gates is needed for 
each partial product to generate two's complement. 

The leading (most-significant) bit of the product is in- 
verted for ease in extending the sign to square (left justify) 
the partial-product bits. 

The 9LS/54L261 is characterized for operation over the 
full military temperature range of — 55° C to 125°C; the 
9LS/74LS261 for operation from 0°C to 70°C. 


PIN-OUT DIAGRAM 



Die Size .086 x .071 


LS261 OUTPUTS 

Vqq B 2 B 1 B 0 Wh Mq Og 0 1 


b 2 

r 6 

B i 

B 0 

M 1 

M q 

°0 

°1 

IK 

B 4 

m 2 

°4 

°3 

°2 


3000000 

83 B 4 M 2 0 4 0 3 0 2 GND 

LATCH N v 7 

CONTROL G OUTPUTS 

°4 °3 Q 2 


FUNCTION TABLE 


I INPUTS | 

OUTPUTS 1 

LATCH 

CONTROL 

G 

MULTIPLIER 

Q4 

Q3 

Q2 

Q1 

Q0 

M2 

Ml 

MO 

L 

X 

X 

X 

O 

4* 

O 

o 

CO 

a 

Q2 0 

O 

o 

O 

o 

o 

H 

L 

L 

L 

H 

L 

L 

L 

L 

H 

L 

L 

H 

B4 

B4 

B3 

B2 

BI 

H 

L 

H 

L 

B4 

B4 

B3 

B2 

BI 

H 

L 

H 

H 

B4 

B3 

B2 

BI 

BO 

H 

H 

L 

L 

B4 

B3 

B2 

BI 

BO 

H 

H 

L 

H 

B4 

B4 

B3 

§2 

BI 

H 

H 

H 

L 

B4 

B4 

B3 

B2 

BI 

H 

H 

H 

H 

H 

L 

L 

L 

L 


H = high level, L = low level, X = irrelevant 

U4q . . . UOq = The logic level of the same output before the high-to- 
low transition of G. 

B4 . . . BO = The logic level of the indicated multiplicand (B) input 
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2-Bit By 4-Bit Parallel Binary Multipliers 


LS261 


LOGIC DIAGRAM 



FraytheoITJ 
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LS261 


2-Bit By 4-Bit Parallel Binary Multipliers 


Recommended Operating Conditions 



9LS/54LS 

9LS/74LS 


TTTTB 

UQ2I 


MT TW 

da 

I2EH 

Supply voltage, Vcc 

wm 

5 


4.75 

5 


■ 

High-level output current, Iqh 



-1 



-i 

BOI 

Low-level output current, Iql 



4 



8 

E ■ 

Width of enable pulse, t w 

25 



wm 



■ 

Setup time, t setup 

Any M input 

174- 



IHl 



ns 

Any B input 

151 



iHB 



Hold time, thoid 

Any iVI input 

04 



04 




Any B input 

01 



01 



Operating free-air temperature, 

-55 



0 



Si 


4 The arrow indicates that the falling edge of the enable pulse is used for reference. 

Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted) 


Parameter 

Test Conditions* 

9LS/54LS 

9LS/74LS 

Unit 

Min 

Typ** 

Max 

UQ 

Typ** 

wmm 

V| H 



■ 


2 












V 

V| 

V C c=MIN, l| = -18mA 



mm 



-1.5 

V 

V OH 

V C c=MIN, V ih =2V, 

ViL = V|L max , Iqh =_ 1 mA 


m 

m 





V 0 L 

V CC =MIN, V, h = 2V 
V||_=V||_max 

wmsmm 


ESI 

mm 





l 0 L = 8mA 







i| 

V CC =MAX, V|=7V 



0.1 



0.1 

mA 

l|H 

V C c=MAX, V,=2.7V 



20 



. 20 

juA 

hL 

V C c=MAX, V|=0.4V 



-0.4 



-0.4 

mA 

•ost 

V CC =MAX 

-15 


-100 

-15 


-100 

mA 

*cc 

V C c=MAX, All inputs at 0V 

Outputs open 


22 

38 


22 

40 

mA 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

* * All typical values are at V cc = 5V, Ta = 25°C. 
tNot more than one output should be shorted at a time. 


Switching Characteristics, Vp C = 5V Over Recommended Free-Air Temperature Range 


Parameter 

From 

(input) 

To 

(output) 

— 55°C 

+25°C 

+125°C 

Unit 

Min | Typ | Max 

Min | Typ | Max 

Min | Typ 

Max 


tpLH 




25 

39 


KS 




WM 

ns 

tPHL 


23 

34 


■mi 

mm 


■M 

wm 

tPLH 




28 

44 


MM 



28 

44 

ns 

tPHL 



KB 



■ 


mm 

McTHi 

tPLH 

Any B input 

Any Q 


EM 

mm 


wm 

42 


Hi 

mm 


tPHL 


mm 

mm 


wm 

mm 


27 

mm 

Test Conditions: C 

l = 50pF , Rl = 

2kH (See Fig. A, page 2-174) | 

tPLH 

Enable G 



30 

KOI 



mm 


kb 

44 


tPHL 


28 



mm 

35 


EM 

IKS 

tPLH 

Any M input 



KrS 






33 

49 


tPHL 


C9 

44 


26 

40 


30 

El 

tPLH 

Any B input 

Any Q 


35 

51 . 


31 

47 


35 

51 

ns 

tPHL 


32 

46 


28 

42 


32 

46 


Note: AC specification shown under -55 C and +125 C are for 9LS devices only. 
All 50pF specifications are for 9LS only. 


^RAYTHEON^ 


2-156 
































Quadruple S-R Latches 


LS279 


FEATURES 

■ Functionally and Mechanically Identical to 54279 

■ Features Low Power Dissipation of 19 mW Typical 

H = high level 
L = low level 

Qq = the level of Q before the indicated input conditions were 
established. 

*This output level is pseudo stable: that is, it may not persist when 
the S and R inputs return to their inactive (high) level. 

"I" For latches with double S inputs: 

H = both S inputs high 
L = one or both S inputs low 


FUNCTION TABLE 
(EACH LATCH) 


INPUTS 

St R 

OUTPUT 

Q 

H 

H 

Q 0 

L 

H 

H 

H 

L 

L 

L 

L 

H* 


PIN-OUT DIAGRAM 


3 2 116 15 14 



6 7 8 9 10 11 

Die Size .065 x .059 



logic: see function table 


Recommended Operating Conditions 



9LS/54LS 

9LS/74LS 

Unit 

Min. 

Nom. 

Max. 

Min. 

Nom. 

Max. 

Supply voltage, V^c (See Note 1) 

4.5 

5 

5.5 

4.75 

5 

5.25 

V 

High-level output current, Iqh 



-400 



-400 

HA 

Low-level output current, Iql 



4 



8 

mA 

Operating free-air temperature, T/\ 

-55 


125 

0 


70 

°C 


NOTE 1. Voltage values are with respect to network ground terminal. 
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LS279 


Quadrupule S-R Latches 


Electrical Characteristics Over Recommended Operating Free-Air Temperature Range 
(Unless Otherwise Noted) 


Parameter 

Test Conditions' 1 ’ 

9LS/54LS 

9LS/74LS 

Unit 

Min. 

Typ* 

Max. 

Min. 

Typ* 

Max. 

l|H High-level input voltage 


2 



2 



V 

V||_ Low-level input voltage 




0.7 



0.8 

V 

V| Input clamp voltage 

V CC = MIN, l| = -18 mA 



-1.5 



-1.5 

V 

Vqh High-level output voltage 

V CC = MIN, V| H = 2V, 

Vjl ~ ^IL max # loH = - 400i Lt A 

2.5 

3.5 


2.7 

3.5 


V 

Vql Low-level output voltage 

V CC = MIN, V| H = 2V, 

Vjl = V|l max 

IqL = 4 mA 


0.25 

0.4 


0.25 

0.4 

V 

Iql = 8 mA 





0.35 

0.5 

Input current at 

'1 

maximum input voltage 

V CC = MAX, V|=7V 



0.1 



0.1 

mA 

l|H High-level input current 

V C c = MAX, v l = 2 - 7V 



20 



20 

m a 

l|l_ Low-level input current 

V C c = MAX, v l = °- 4V 



-0.4 



-0.4 

mA 

Iqs Short-circuit output current^ 

V C c = MAX 

-30 


-130 

-30 


-130 

mA 

Iqc Supply current 

V C c = MAX, See Note 2 


3.8 

7 


3.8 

- 7 

mA 


"l"For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
+AII typical values are at Vqc = 5V, = 25°C. 

^Not more than one output should be shorted at a time. 

NOTE 2. Ice ' s measured with all R inputs grounded, all S inputs at 4.5 V, and all outputs open. 


Switching Characteristics V cc = 5.0V Over Recommended Free- Air Temperature Range. 


Parameter 

From 

To 

-55° C 

+25° C 

+125°C 

Unit 

(Input) 

(Output) 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Test Conditions: C L = 15pF, R L = 2kO (See Fig. A, page 2-174) | 

t PLH 

S 

Q 


15 

26 


12 

22 


15 

26 

ns 

t PH L 

S 

Q 


12 

19 


9 

15 


12 

19 

ns 

tm ii 



R 

r\ 

r 



4 O 

30 


i k 



07 




1C 

30 

ns 

Test Conditions: C L = 50pF, R u = 2.0k (See Fig. A, page 2-174) | 

tPLH 

S 

Q 


19 

30 


16 

26 


19 

30 

ns 

t PHL 

S 

Q 


16 

23 


13 

19 


16 

23 

ns 

t PHL 

R 

Q 


22 

35 


19 

31 


23 

35 

ns 


Note: AC specification shown under -55°C and +125°C are for 9LS devices only. All 50pF specifications are for 9LS devices only. 
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4 -Bit Bi-Directional Shift Register 

With Three-State Outputs LS295A 


FEATURES 

■ Three-state version of LS95B parallel-access shift 
register 

DESCRIPTION 

This 4-bit register features parallel inputs, parallel outputs, 
and clock, serial, mode, and output control inputs. The 
register has three modes of operation: 

Parallel (broadside) load 

Shift right (the direction Q A toward Qq) 

Shift left (the direction Qd toward Q A ) 

Parallel loading is accomplished by applying the four bits of 
data and taking the mode control input high. The data is 
loaded into the associated flip-flops and appears at the out- 
puts after the high-to-low transition of the clock input. 
During parallel loading, the entry of serial data is inhibited. 

Shift right is accomplished when the mode control is low; 
shift left is accomplished when the mode control is high by 
connecting the output of each flip-flop to the parallel input 
of the previous flip-flop (Qd to input C, etc.) and serial 
data is entered at input D. 

When the output is high, the normal logic levels of the four 
outputs are available for driving the loads or bus lines. The 
outputs are disabled independently from the level of the 
clock by a low logic level at the output control input. The 
outputs then present a high impedance and neither load nor 
drive the bus bus line; however, sequential operation of the 
register is not affected. 


PINOUT DIAGRAM 


Vcc Qa Qb Qc Qd 

@i 111 ED Go] 


) OUTPUT 
i CONTROL 

aim 


Qa Qb Qc Qd 


SERIAL INPUT 



Die Size .067 x .082 


LOGIC DIAGRAM 

DATA INPUTS 

A 


1 INPUTS i 

OUTPUTS 

MODE 

CLOCK 

SERIAL 

PARALLEL 

Qa 

Qb 

Qc 

Qd 

CONTROL 

A 

B 

c 

0 

H 

H 

X 

X 

X 

X 

X 

q ao 

Qbo 

8 

a 

Qdo 

H 

4 

X 

a 

b 

c 

d 

a 

b 

C 

d 

H 

4 

X 

Qet 

Q C t 

o D t 

d 

Q Bn 

6 

a 

QDn 

d 

L 

H 

X 

X 

X 

X 

X 

Qao 

q bo 

Qco 

Qdo 

L 

4 

H 

X 

X 

X 

X 

H 

Q An 

°8n 

QCn 

L 

4 

L 

X 

X 

X 

X 

L 

QAn 

QBn 

QCn 

When the output control is low, the outputs are disabled 

to the high 

-impedance state; 

however, sequential operation of the registers is 

not affected. 






lifm 


1 ( 12 ) 

-SB— 


1 ( 11 ) 

Qc 



tShifting left requires external connection of Q B to A, Q c to B, and Q D to C. Serial data is 
entered at input D. 


H = high level (steady state), L = low level (steady state), X = irrelevant (any input, 
including transitions) 

= transition from high to low level. 

a, b, c, d = the level of steady-state input at inputs A, B, C, or D, respectively. 

Q ao , Quo. Qco. Qdo = the level of Q A , Q B , Q c . or Q D , respectively, before the indicated 
steady-state input conditions were established. 

Q An , 0 Bn , Q Cn , Qdo = the level of Q A , Q B , Q c . or Q D) respectively, before the most-recent 
transition of the clock. 
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LS295A 


4-Bit Bi-Directional Shift Register 
With Three-State Outputs 


Recommended Operating Conditions 



| 9LS/54LS 

| 9LS/74LS | 

1 Ini# 


Min 1 Nom 

I Max 

1 Min 1 

1 Nom 

1 Max 

umi 


Supply voltage, Vcc 


High-level output current, Iqh 


Low-level output current, Iql 



Hold time, high-level or low-level data, thoid 


Operating free-air temperature, T A 




V,H 


V|L 


V| 

V C c=MIN, 

l| = -18mA 


V C c=MIN, 

> 

CM 

II 

X 

> 

v OH 

V|L=V|Lma x , 

i oh =max 

V OL 

V CC =MIN, 

V|L=V| L max 

> 

CM 

II 

X 

> 

J OZH 

Vcc = MAX, 

V 0 =2.7V 

V|L=V|L max , 

! OZL 

V CC =MAX, 

V o =0.4V 

> 

CM 

II 

X 

> 

l| 

V C c=MAX, 

< 

II 

< 

IlH 

v cc =max, 

V|=2.7V 

l|L 

V C c=MAX, 

V|=0.4V 

>OSt 

V C c=MAX 

o 

o 

-+ 

V C c=MAX 


• ol = 4itiA 
l0L = 8mA 


| 9LS/54LS f 

IHBEZ9KSEII 






0.7 



-1.5 

2.4 

3.4 



0.25 

0.4 






20 



-20 



0.1 



20 



-0.4 

-15 


-100 


14 

23 


15 

25 



, v, Condition A 14 23 14 23 

cctt V C c MAX Condition B | 15 1 25 15 [ 25 mA 

*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

* * All tvoical values are at Vqq = RV = ?R°C. 
fNot more than one output should be shorted at a time. 

ttlCC > s measured with the outputs open, the serial input and mode control at 4.5V, and the data inputs grounded under the following conditions: 

A. Output control at 4.5V and a momentary 3V, then ground, applied to clock input. 

B. Output control and clock input grounded. 


Switching Characteristics, V cc = 5VOver Recommended Free-Air Temperature Range 


Parameter 

Min | 

1 T »p 1 

| Max 

Min | 

1 T yp i 

| Max 

Min 

Typ 

Max 

Unit 

Test Conditions: C L 

= 15pF, 

R l = 2ki2 (See 

Fig. A, | 

page 2-1 

74) 




fmax 




30 

40 





MHz 

tPLH 


29 

38 


27 

35 


29 

38 

ns 

tpHL 


37 

48 


35 

45 


37 

48 

ns 

tZH 


12 

21 


10 

18 


12 

21 

ns 

tzL 


12 

21 


10 

18 


12 

21 

ns 

Test Conditions: C L 

u. 

a 

in 

II 

R l = 2kO (Sei 

e Fig. C i 

on page * 

M74) 


tHZ 


21 

32 


19 

28 


21 

32 

ns 

tLZ 


26 

36 


24 

32 


26 

36 

ns 


Test Conditions: C L = 50pF, R L = 2kO (See Fig. A, page 2-174) 


tPLH 


32 

42 


30 

39 


32 

42 

ns 

tPHL 


40 

52 


38 

49 


40 

52 

ns 

tZH 


15 

25 


13 

22 


15 

25 

ns 

tZL 


15 

25 


13 

22 


15 

25 

ns 


Note: AC specification shown 
under -55°C and +125°C 
are for 9LS devices only. 
All 50pF specifications 
are' for 9LS devices only. 
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Quadruple 2-Input Multiplexers with Storage 


LS298 


FEATURES 


PIN-OUT DIAGRAM 


■ Selects One of Two 4-Bit Data Sources and Stores Data 
Synchronously with System Clock. 

■ Applications: 

Dual Source for Operands and Constants in Arithmetic 
Processor; Can Release Processor Register Files for 
Acquiring New Data. 

Implement Separate Registers Capable of Parallel 
Exchange of Contents Yet Retain External Load 
Capability. 

Universal Type Register for Implementing Various 
Shift Patterns; Even Has Compound Left-Right 
Capabilities. 

DESCRIPTION 

These monolithic quadruple two-input multiplexers with 
storage provide essentially the equivalent functional capa- 
bilities of two separate MSI functions (54157/74157 or 
54LS1 57/74LS1 57 and 54175/74175 or 54LS1 75/74LS175) 
in a single 16-pin package. 

When the word-select input is low, word 1 (A1, B1, Cl, 
D 1 ) is applied to the flip-flops. A high input to word select 
will cause the selection of word 2 (A2, B2, C2, D2). The 
selected word is clocked to the output terminals on the 
negative-going edge of the clock pulse. 

LOGIC DIAGRAM 



H = high level (steady state) 

L = low level (steady state) 

X = irrelevant (any input, including transitions) 

I = transition from high to low level 

al , a2, etc. = the level of steady-state input at A1 , A2, etc. 



the level of Q/\, Qg, etc. entered on the 
most recent i transition of the clock input. 


Dynamic input activated by a transition from a high level to a low level 
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LS298 


Quadruple 2-Input Multiplexers with Storage 


Recommended Operating Conditions 



9LS/54LS 

9LS/74LS 

Unit 

TTTM 

mo 

BEE® 

TTM 

KT.T.1 


Supply voltage, Vcc 

US 

5 

E 


mm 






EH3I 




MEM 


MH 

■ ■ 

4 



8 

mm 


Bi 



20 



— 

Setup time, t^p 

Data 




15 



ns 





25 



Hold time, t ho | d 

Data 

5 1 



5 



ns 

Word select 

0 



0 



Operating free-air temperature, Ta 

-55 


125 

0 


70 

°C 


Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted) 


Parameter 

Test Conditions* 

9LS/54LS 

9LS/74LS 

Unit 

Min 

Typ** 

Max 

Min 

Typ** 

Max 

V| H 


2 



2 



V 

V|L 




0.7 



0.8 

V 

V| 

V CC =M IN, l|=-18mA 



-1.5 



-1.5 

V 

V OH 

V CC =M IN, V| H =2V 

V| L =V|L m ax, l O H = "400iUA 

2.5 

3.4 


2.7 

3.4 


V 

< 

O 

r 

V C c=MIN, V| H =2V, 

V| L =V|L m ax 

IOL = 4mA 


0.25 

0.4 


0.25 

0.4 

V 

IOL = 8mA 





0.35 

0.5 

l| 

V CC =MAX, V,=7V 



0.1 



0.1 

mA 

*IH 

V CC =MAX, V,=2.7V 



20 



20 

IjlA 

IlL 

V CC =MAX, V,=0.4V 



-0.4 



-0.4 

mA 

•os+ 

V CC =MAX 

-6 


-40 

-5 


-42 

mA 

Icctt 

V CC =MAX, 


13 

21 


13 

21 

mA 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

* * All typical values are at Vcc = 5 V, Ta = 25° C. 
tNot more than one output should be shorted at a time. 

ttWith all outputs open and all inputs except clock low. Ice * s measured after applying a momentary 4.5V, followed by ground, to 
the clock input. 

Switching Characteristics, V cc = 5VOver Recommended Free-Air Temperature Range 


Parameter 

— 55°C 

+25°C 

+ 125°C 

Unit 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Test Conditions: C L 

= 15pF, R l = 2kO (See Fig. A, page 2-174) 





tPLH 





mm 




mm 


tpHL 





2m 




29 








tPLH 








23 

36 

ns 

tPHL 


mi.m 

40 


24 




40 



Note: AC specification shown under -55°C and +125°C are for 9LS devices only. All 50pF specifications 
are for 9LS only. 
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Hex Buffers, Tri-State, Common Enable 
Hex Buffers, Tri-State, 4-Bit and 2-Bit 


LS365 LS366 


LS367 LS368 


DESCRIPTION 

The LS365/366/367/368 are high speed hex buffers with 

3- state outputs. They are organized as single 6-bit or 2-bit/ 

4- bit, with inverting or non-inverting data (D) paths. The 
outputs are designed to drive 15TTL Unit Loads on 60 Low 
Power Schottky loads when the Enable (E) is LOW. 

When Output Enable Input (E) is HIGH, the outputs are 
forced to a high impedance “off" state. If the outputs of 
the 3-state devices are tied together, all but one device must 
be in the high impedance state to avoid high currents that 
would exceed the maximum ratings. Designers should ensure 
that Output Enable signals to 3-state devices whose outputs 
are tied together are designed so there is no overlap. 


PIN-OUT DIAGRAMS 


LS365 

HEX 3-STATE BUFFER WITH 
COMMON 2-INPUT NOR ENABLE 


TRUTH TABLE V CC ^2 D 1 °2 °3 O3 



Ej O4 O4 Dg Og Dg Og GIMD 


LS366 

HEX 3-STATE INVERTER BUFFER 
WITH COMMON 2-INPUT NOR ENABLE 


TRUTH TABLE 


INPUTS 

OUTPUTS 

El E2 D 

L L L 

H 

L L H 

L 

H X X 

(Z) 

X H X 

(Z) 


V CC D 1 °1 °2 °2 d 3 O3 



E| D4 O4 D5 O5 Dg Og GIMD 


LS367 

HEX 3-STATE BUFFER 
SEPARATE 2-BIT AND 4-BIT SECTIONS 


LS368 

HEX 3-STATE INVERTER BUFFER 
SEPARATE 2-BIT AND 4-BIT SECTIONS 


V CC E 1 D 1 °1 d 2 °2 °3 °3 




OUTPUTS 

[J 

D 

B 



■ 



B 




E 2 D4 O4 D5 0 g Dg Og GND 


TRUTH TABLE 


| INPUTS 

OUTPUTS 

rr 

D 

a 

l^B 


m 



m 




Vqc E 1 d, 0 i D 2 0 2 D3 O3 



E 2 D4 O4 Dg Og Dg Og GIMD 




63 











LS365 LS366 


Hex Buffers, Tri-State, Common Enable 
Hex Buffers, Tri-State, 4-Bit and 2-Bit 


LS367 LS368 


Recommended Operating Conditions 



9LS/54LS 

9LS/74LS 

Unit 

Min 

Norn 

Max 

Min 

Norn 

Max 

Supply Voltage, Vcc 

4.5 

5 

5.5 

4.75 

5 

5.25 

V 

High-Level Output Current, Iqh 



-1 



-2.6 

mA 

Low-Level Output Current, Iql 



12 



24 

mA 

Operating Free-Air Temperature, 

-55 


125 

0 


75 



Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted) 


Parameter 

Test Conditions* 

9LS/54LS 

9LS/74LS 

Unit 

Min 

Typ** 

Max 

Min 

Typ** 

Max 

V| H 

Guaranteed Input HIGH Voltage for All Inputs 

2.0 



2.0 



V 

V| L 

Guaranteed Input LOW Voltage for All Inputs 



.7 

2.0 


.8 

V 

VCD 

V C c=MIN, l, N =- 1 8mA 


-0.65 

-1.5 


-0.65 

-1.5 

V 

VoH 

V C c=MIN, V| |\j = V | h or V|l 
per Truth Table 

1 oh = ~ 1 -OmA 

2.4 

3.4 





V 

1 oh =_ 2.6mA 




2.4 

3.1 


VOL 

Vcc = MIN, V|n=V|h or Vil 
per Truth Table 

Iol = 1 2mA 


0.25 

0.4 


0.25 

0.40 

V 

lo L =24mA 





0.35 

0.5 

•OZH 

V C c=MAX, V out =2.4V, Vf =2.0V 



20 



20 

ix A 

•OZL 

V C c=MAX, V out =0.4V, Ve=2.0V 



-20 



-20 

fxA 

1 IH 

V C c=MAX, V| N =2.7V 



20 



20 

juA 

Vcc = MAX, V|m=7.0V 



- .1 



- .1 

mA 

■iL 

V C c=MAX, V in =0.4V 



-0.4 



-0.4 

mA 

•os* 

v cc = max, v 0 ut=ov 

-30 


-100 

-30 


-100 

mA 

•cc 

V C c=MAX, V| N =0V, Ve=4.5V 

LS365/367 


13.5 

24 


13.5 

24 

1 mA 

LS366/368 


11.8 

21 


11.8 | 

21 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

**AII typical values are at Vqc = 5 V, = 25° C. 

+ Not more than one output should be shorted at a time. 


Switching Characteristics, V cc = 5V Over Recommended Free-Air Temperature Range 


Parameter 

From 

(input) 

To 

(uutput) 

-55° C 

+25°C 

+125°C 

Unit 1 

1 

j 1 

iviin | I yp | Max 

Min j I yp j Max 

Min j l yp | Max 

Test Conditions: C L = 45pF (See Fig. A, page 2-174) j 

tp LH (LS365/367) 

D i 

0| 


9 

14 


7 

10 


9 

14 

ns 

t pHL (LS365/367) 


12 

20 


10 

16 


12 

20 

t pLH (LS366/368) 

D i 

°i 


9 

14 


7 

10 


9 

14 

ns 

t pHL (LS366/368) 


12 

20 


10 

16 


12 

20 

*ZH 

E 

Oj 


12 

20 


10 

16 


12 

20 

ns 

tZL 


20 



36 


18 

30 


20 

36 

Test Conditions: C L = 5pF, R L = 6670 (See Fig. C, page 2-174) 

l LZ 

E 

Oj 


12 

20 


10 

15 


12 

20 

ns 

*HZ 


19 

27 


17 

23 


19 

27 

Test Conditions: C L = 125pF, (See Fig. A, page 2-174) 

tpLH (LS365/367) 

D i 

°i 


12 

20 


10 

15 


12 

20 

ns 

t pHL (LS365/367) 


15 

26 


15 

21 


15 

26 

t pLH (LS366/368) 

D i 

°i 


12 

20 


10 

15 


12 

20 

ns 

t pHL (LS366/368) 


15 

26 


15 

21 


15 

20 

t ZH 

E 

0 


16 

26 


13 

20 


16 

26 

ns 

*ZL 


24 

42 


21 

35 


24 

40 


Note: AC specification shown under -55°C and +125°C are for 9LS devices only. All 50pF specifications are for 9LS only. 
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4-Bit Cascadable Shift Registers with 
3-State Outputs 


LS395A 


FEATURES 

■ Three-State, 4-Bit, Cascadable, Parallel-In, 

Parallel-Out Registers 

■ Schottky-Diode-Clamped Transistors 

■ Low Power Dissipation . . . 75mW Typical (Enabled) 

■ Applications: N-Bit Serial-To-Parallel Converter 

N-Bit Parallel-To-Serial Converter 
N-Bit Storage Register 

■ Pin for pin compatible with LS395 

DESCRIPTION 

These 4-bit registers feature parallel inputs, parallel out- 
puts, and clock, serial, load/shift, output control and 
direct overriding clear inputs. 

Shifting is accomplished when the load/shift control is 
low. Parallel loading is accomplished by applying the four 
bits of data and taking the load/shift control input high. 
The data is loaded into the associated flip-flops and appears 
at the outputs after the high-to-low transition of the clock 
input. During parallel loading, the entry of serial data is 
inhibited. 

When the output control is low, the normal logic levels of 
the four outputs are available for driving the loads or bus 
lines. The outputs are disabled independently from the 
level of the clock by a high logic level at the output control 
input. The outputs then present a high impedance and 
neither load nor drive the bus line; however, sequential 
operation of the reigsters is not affected. During the high- 
impedance mode, the output at Qq' is still available for 
cascading. 

The 9LS/54LS395A is characterized for operation over 
the full military temperature range of -55°C to 125°C; 
the 9LS/74LS395A is characterized for operation from 
0°C to 70° C. 

FUNCTION TABLE 


1 INPUTS 

3-STATE OUTPUTS 

CASCADE 

CLEAR 

LOAD/SHIFT 

CONTROL 

CLOCK 

SERIAL 

PARALLEL 

A B C D 

Qa 

Qb 

Qc 

Qd 

OUTPUT 

Qd 

L 

X 

X 

X 

X 

X 

X 

X 

L 

L 

L 

L 

L 

H 

H 

H 

X 

X 

X 

X 

X 

q A0 

Qbo 

Qco 

q do 

Qdo 

H 

H 

l 

X 

a 

b 

c 

d 

a 

b 

c 

d 

d 

H 

L 

H 

X 

X 

X 

X 

X 

q A0 

Qbo 

Qco 

Qdo 

Qdo 

H 

L 

i 

H 

X 

X 

X 

X 

H 

QAn 

QBn 

QCn 

Qcn 

H 

L 

i 

L 

X 

X 

X 

X 

L 

c 

< 

a 

°Bn 

Qcn 

Q Cn 


When the output control is high, the 3-state outputs are disabled to the high-impedance state, 
however, sequential operation of the registers and the output at Qq are not affected. 


H = high level (steady state), L = low level (steady state), X = irrelevant (any input, including transitions) 

I = transition from high to low level. 

q A0' QBO' QCO' Qdo = the l evel of QA' q B' Qc. or Qd» respectively, before the indicated steady state input conditions were established. 
QAm QBm OCm Qpn = the l eve l of Qa> QB' Qc» or Qd» respectively, before the most recent 4- transition of the clock. 


PIN-OUT DIAGRAM 
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LS395A 


4-Bit Cascadable Shift Registers with 

3-State Outputs 


Recommended Operating Conditions 


Supply voltage, V cc 

High-level output current, Iqh 

Low-level output current, Iql 

Clock frequency, f c |ock 

Width of clock pulse, twfdodO 

Setup time, high-level or low-level data, t^^ 


Hold time, high-level or low-level data, thold 


Operating free-air temperature, T A 



Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted) 


Test Conditions* 


9LS/54LS 9LS/74 

Min I Typ**| Max Min 1 Typ* 


V CC =MIN, 

V C C=MIN, 

V, l=Vj i_max, 
V CC =MIN 
V| L = ^| L max, 
V m =2V 

v C c=max, 

Vq=2.7V 

v cc =max, 

V O =0.4V 

Vcc = max, 

v C c=max, 

Vcc=max, 

v C c=max 


l|=— 18mA 
V|H=2V, 

Iqh-max 
Q a , q b 
Q c/ q d 


V,h=2V, 

V|=7V 

V|=2.7V 

V|=0.4V 


IOL = 1 2mA 
IOC = 24mA 
IOL =4mA 

IOL = 8mA 
q A> q B 
Qq> q D 
q A/ q B 
O-C' Q P 


0.25 0.40 

0.35 0.50 


0.25 0.40 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

**AII typical values are at Vqq = 5V, T A = 25°C. 
tNot more than one output should be shorted at a time. 

ttlcQ is measured with the outputs open, the serial input and mode control at 4.5V, and the data inputs grounded under the following 
conditions: 

A. Output control at 4.5V and a momentary 3V, then ground, applied to clock input. 

B. Output control and clock input grounded. 










4-Bit Cascadable Shift Registers with 
3-State Outputs 


LS395 


Switching Characteristics, V cc = 5V Over Recommended Free-Air Temperature Range 

Parameters 

-55° C 

+25° C 

+125°C 

U n it 



Min | Typ | Max 

Min j Typ j Max 

Min Typ | Max 



Test Conditions: C L = 

= 15pF, R l = 2kH (See Fig. C, page 2-174) 




^max 


25 " 35 


MHz 


Clear to 
tPHL output 

27 40 

23 35 

27 40 

ns 





Test Conditions: C L = 5.0pF, R L = 2ki i (See Fig. C, page 2-174) 


Test Conditions: C L = 50pF, R L = 2kO (See Fig. C, page 2-174) 



Note: AC specification shown under -55°C and +125°C are for 9LS devices only. All 50pF specifications 
are for 9LS devices only. 

LOGIC DIAGRAM 

DATA INPUTS 


LOAD/ (7) 


SERIAL (2) 











LS670 


4-By-4 Register Files with 3-State 

Outputs 


FEATURES 

■ Separate Read/Write Addressing Permits Simultaneous 
Reading and Writing 

■ Fast Access Times . . . Typically 20 ns 

■ Organized as 4 Words of 4 Bits 

■ Expandable to 512 Words of n-Bits 

■ For Use as: 

Scratch-Pad Memory 

Buffer Storage Between Processors 

Bit Storage in Fast Multiplication Designs 

■ 3-State Outputs 

DESCRIPTION 

The LS670 and MSI 16-bit TTL register files incorporate 
the equivalent of 98 gates. The register file is organized as 
4 words of 4 bits each and separate on-chip decoding is pro- 
vided for addressing the four word locations to either write- 
in or retrieve data. This permits simultaneous writing into 
one location and reading from another word location. 

Four data inputs are available which are used to supply the 
4-bit word to be stored. Location of the word is determined 
by the write-address inputs A and B in conjunction with a 
write-enable signal. Data applied at the inputs should be in 


its true form. That is, if a high-level signal is desired from 
the output, a high-level is applied at the data input for that 
particular bit location. The latch inputs are arranged so that 
new data will be accepted only if both internal address gate 
inputs are high. When this condition exists, data at the D 
input is transferred to the latch output. When the write- 
enable input, G w, is high, the data inputs are inhibited and 
their levels can cause no change in the information stored 
in the internal latches. When the read-enable input, Gr, is 
high, the data outputs are inhibited and go into the high- 
impedance state. 

The individual address lines permit direct acquisition of 
data stored in any four of the latches. Four individual de- 
coding gates are used to complete the address for reading a 
word. When the read address is made in conjunction with 
the read-enable signal, the word appears at the four outputs. 

This arrangement— data-entry addressing separate from data- 
read addressing and individual sense line— eliminates re- 
covery times, permits simultaneous reading and writing, 
and is limited in speed only by the write time (27 nano- 
seconds typical) and the read time (24 nanoseconds typi- 
cal). The register file has a nondestructive readout in that 
data is not lost when addressed. 



WRITE SELECT ENABLE OUTPUTS 
Vcc DA D T 1 A W A W B WRITE READ oT^Q2 
0 0 







HI 






m 

|»xl 







ED 0 IjD E±] [s] [±] El 0 

D2 D3 D4 R b R a Q4 Q3 GND 

DATA READ SELECT OUTPUTS 
Positive Logic: See Description 
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4-By-4 Register Files with 3-State 

Outputs LS670 


LOGIC 


WRITE FUNCTION TABLE (SEE NOTES A, B, AND C) READ FUNCTION TABLE (SEE NOTES A AND D) 


WRITE INPUTS 

WORD | 

W B 

W A 

G W 

0 

1 

2 

3 

L 

L 

L 

Q = D 

Qo 

Qo 

Qo 

L 

H 

L 

Q 0 

Q = D 

Qo 

Qo 

H 

L 

L 

Qo 

Qo 

Q = D 

Qo 

H 

H 

L 

Q o 

Q o 

Qo 

Q- D 

X 

X 

H 

Q o 

Qo 

Qo 

Qo 


READ INPUTS 

OUTPUTS 

Rb 

Ra 

Gr 

Q1 

Q2 

Q3 

04 

L 

L 

L 

W0B1 

W0B2 

W0B3 

W0B4 

L 

H 

L 

W1B1 

W1B2 

W1B3 

W1B4 

H 

L 

L 

W2B1 

W2B2 

W2B3 

W2B4 

H 

H 

L 

W3B1 

W3B2 

W3B3 

W3B4 

X 

X 

H 

Z 

Z 

Z 

Z 


NOTES: A. H = high level, L = low level, X = irrelevant, Z = high impedance (off) 

B. (Q = D) = The four selected internal flip-flop outputs will assume the states applied to the four external data inputs. 

C. Qq = the level of Q before the indicated input conditions were established. 

D. W0B1 = The first bit of word 0, etc. 


FUNCTIONAL BLOCK DIAGRAM 
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LS670 


4-By-4 Register Files with 3-State 

Outputs 


Recommended Operating Conditions 



9LS/54LS 

9LS/74LS 

Unit 

Min. 

Nom. 

Max. 

Min. 

Nom. 

Max. 

Supply voltage, Vqq 

4.5 

5 

5.5 

4.75 

5 

5.25 

V 

High-level output current, Iqh 



-1 



-2.6 

mA 

Low-level output current, Iql 



4 



8 

mA 

Width of write-enable or read-enable pulse, t w 

25 



25 



ns 

Setup times, high- or low-level data 

(see Figure 2) 

Data input with respect to 

write enable, t setup (D) 

10 



10 



ns 

Write select with respect to 

write enable, t setup (w) 

15 



15 



ns 

Hold times, high- or low-level data 

(see Note 2 and Figure 2) 

Data input with respect to 

write enable, th 0 ld(D) 

15 



15 



ns 

Write select with respect to 

write enable, th Q ld(W) 

5 



5 



ns 

Latch time for new data, t| a t c h (see Note 3) 

25 



25 



ns 

Operating free-air temparature range, T/\ 

-55 


125 

0 


70 

°C 


NOTES 1. Voltage values are with respect to network ground terminal. 

2. Write-select setup time will protect the data written into the previous address. If protection of data in the previous address is 
not required, t setup (\/\/) can be ignored as any address selection sustained for the final 30 ns of the write-enable pulse and 
during thold(W) wiil result in data being written into that location. Depending on the duration of the input conditions, one or 
a number of previous addresses; may have been written into. 

3. Latch time is the time allowed for the internal output of the latch to assume the state of new data. See Figure 2. This is im- 
portant only when attempting to read from a location immediately after that location has received new data. 
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4-By-4 Register Files with 3-State 
Outputs 


LS670 


Electrical Characteristics Over Recommended Operating Free-Air Temperature Range 
(Unless Otherwise Noted) 


Parameter 


9LS/54LS 

9LS/74LS 

Unit 




Min. 

Typ* 

Max. 

Min. 

Typ+ 

Max. 

V| H 

High-level input voltage 


2 



2 



V 

V| L 

Low-level input voltage 




0.7 



0.8 

V 

V| 

Input clamp voltage 

v C c = min . 

l| = -18mA 




-1.5 



-1.5 

V 

v OH 

High-level output voltage 

Vcc = min . 

V m = 2V, 

'OH = -1mA 

2.4 

3.4 






V|l = V|j_max 


lOH = -2.6mA 




2.4 

3.1 



v OL 

Low-level output voltage 

Vcc * min . 

V,h = 2V, 

'OL = 4mA 


0.25 

0.4 


0.25 

0.4 


V|l = Vj|_max 


Iql = 8mA 





0.35 

0.5 


'OZH 

Off-state output current, 

high-level voltage applied 

Vcc = MAX, 

V,h = 2V, 

Vq = 2.7V 



20 



20 

ma 

'OZL 

Off-state output current, 

low-level voltage applied 

V C c = MAX, 

V m = 2V, 

V 0 = 0.4V 



-20 



-20 

mA 


Input current at 

maximum input voltage 

V C c = MAX, 

V| = 7V 

Any, D, R, or W 



0.1 



0.1 


h 

G W 



0.2 



0.2 

mA 


g R 



0.3 



0.3 




V CC = MAX, 

V| = 2.7V 

Any D, R, or W 



20 



20 


'IH 

High-level input current 

G W 



40 



40 




g R 



60 



60 





Any D, R, or W 



-0.4 



-0.4 


»IL 

Low-level input current 

V C c = MAX 

Gw 



-0.8 



-0.8 

mA 




g R 



-1.2 



-1.2 


'os 

Short-circuit output current f 

V CC = MAX 

-30 


-130 

-30 


-130 

mA 

'cc 

Supply current 

V C c = MAX , 

See Note 4 



30 

50 


30 

50 

mA 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

*AII typical values are at Vqq = 5V, T/\ = 25°C. 

$Not more than one output should be shorted at a time. 

NOTE 4: Maximum Ice is guaranteed for the following worst-case conditions: 4.5V is applied to all data inputs and both enable inputs, 

all address inputs are grounded and all outputs are open. 
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LS670 


4-By-4 Register Files with 3-State 

Outputs 


Switching Characteristics V cc = 5.0V Over Recommended Free-Air Temperature Range. 


Parameter 

From 

(Input) 

To 

(Output) 

-55° C 

+25° C 

+125°C 

Unit 

Min. 1 Typ. 1 Max. 

Min. j Typ. Max. 

Min. | Typ. | Max. 

Test Conditions: C L = 15pF, R L = 2.0kH (See Figs. 1, 2, 3 on pages 2-172 and 2-173 and Fig. A on page 2-174) | 

t PLH 

tpHL 

Read 

Select 

Any Q 


26 

44 


23 

40 


26 

45 

ns 


28 

49 


25 

45 


28 

50 

tPLH 

Write 

enable 

Any Q 


30 

49 


26 

45 


30 

50 

ns 

tpHL 


31 

54 


28 

50 


31 

55 

tPLH 

Data 

Any Q 


28 

49 


25 

45 


28 

50 

ns 

Vhl 


26 

44 


23 

40 


26 

45 

Test Conditions: C L = 5pF, R L = 2.0kO (See Figs. 1, 2, 3 on pages 2-172 and 2-173 and Fig. C on page 2-174) 

t ZH 

Read 

enable 

Any Q 


18 

39 


15 

35 


18 

40 

ns 

*ZL 


25 

44 


22 

40 


25 

45 

t HZ 


33 

54 


30 

50 


33 

55 



19 

39 


16 

35 


19 

40 

Test Conditions: C L = 50pF, R L = 2.0kH (See Figs. 1, 2, 3 on pages 2-172 and 2-173 and Fig. A on page 2-174) 

t PLH 

Read 

Select 

Any Q 


30 

49 


27 

44 


31 

50 

ns 

t PHL 


32 

54 


29 

49 


33 

55 

t PLH 

Write 

enable 

Any Q 


34 

54 


30 

49 


35 

55 

ns 

Vhl 


35 

59 


32 

54 


36 

60 

t PLH 

Data 

Any Q 


32 

53 


29 

49 


33 

55 

ns 

t PHL 


30 

49 


27 

44 


31 

50 


Note: AC specification shown under -55°C and +1 25°C are for 9LS devices only. All 50pF specifications are for 9LS devices only. 


READ 

ENABLE 


WAVEFORM 1 
(See Note A) 


WAVEFORM 2 
(See Note A) 


\ 

^1.3V 



-* tHZ ~ ► 


1 

51 closed, Ny 

52 open 

-* t L Z — H 

^T3V 



^1.3V 

4.5 V 

-«tZL*- 

51 and 

52 closed 


-*tZH*- 

0.5V 

0.5V 

1 

^3 

t 


3V 

0V 


1.5 V 
VOL 


VOH 

1.5V 


VOLTAGE WAVEFORMS 

ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS 


FIGURE 1 


NOTES: 


A. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the read-enable in- 
put. Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the read- 
enable input. 

B. When measuring delay times from the read-enable input, both read-select inputs have been established at steady states. 

C. Input waveforms are supplied by generators having the following characteristics: PRR < 1 MHz, Z out » 50 T2, duty cycle < 
50%, t r < 1 5 ns, t r < 6 ns. 
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4-By-4 Register Files with 3-State 
Outputs 


LS670 


PARAMETER MEASUREMENT INFORMATION 



3V 


OV 


3V 


OV 


3V 


OV 


3V 

OV 


VOH 

VOL 


VOLTAGE WAVEFORMS (SI AND S2 ARE CLOSED) 

FIGURE 2 

NOTES: A. High-level input pulses at ..the select and data inputs arg illustrated; however, times associated with low-level pulses are 
measured from the same reference points. 

B. When measuring delay times from a read select input, the read-enable input is low. 

C. Input waveforms are supplied by generators having the following characteristics: PRR < 2 MHz, Z out « 50 O, duty cycle < 
50%, t r < 1 5 ns, t r < 6 ns. 




VOLTAGE WAVEFORM 2 (SI AND S2 ARE CLOSED) 

FIGURE 3 

NOTES: A. Each select address is tested. Prior to the start of each of the above tests both write and read address inputs are stabilized with 
= Ra and Wb = Rb- During the test Gr is low. 

B. Input waveforms are supplied by generators having the following characteristics: PRR < 1 MHz, Z out « 50 0, duty cycle < 
50%, t r < 1 5 ns, t r < 6 ns. 
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FIGURES A, B and C 


SWITCHING TEST CONDITIONS 


TEST 

POINT Vcc 


FROM OUTPUT 
UNDER TEST 


C L 

(See Note A) 


INPUT 1.3V 


[*• t PLH *j 


r-tPHL-H t~tPLH* 


OUT-OF-PHASE 

OUTPUT 


VOLTAGE WAVEFORMS 


FIGURE A - FOR TOTEM-POLE OUTPUTS 


FROM OUTPUT 
UNDER TEST 


IN-PHASE 

OUTPUT 


OUT-OF-PHASE 

OUTPUT 


VOLTAGE WAVEFORMS 


FIGURE B - FOR OPEN-COLLECTOR OUTPUTS 


TEST 

POINT Vcc 


NutH test T 

C [_ ~ 

(See Note A) | 


OUTPUT 

control”V t 3V 

(Low-level A 

enabling) I 

■ .1. 1 — — i y- -I *4 RV 

WAVEFORM 1 | SI CLOSED, V 1.3 v 

(See Note C) | S2 OPEN \ 


WAVEFORM 2 SI OPEN, y 
(See NoteC) S2 CLOSED y^ 13V 


v OL 

' t ZH"*{ 0.5V °- 5V 

Vqh 

XI =1.5V 

51 AND 

52 CLOSED 


VOLTAGE WAVEFORMS 


LOAD CIRCUIT 

FIGURE C - FOR THREE-STATE OUTPUTS 

NOTES: 

A. C[_ includes probe and jig capacitance. 

B. All diodes are 1N3064. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. Wave- 
form 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. In the examples above, the phase relationships between inputs and outputs have been chosen arbitrarily. 

E. All input pulses are supplied by generators having the following characteristics: t r < 15 ns, tf < 6 ns, PRR < 1 MHz, Z out « 50 n, 
and t w = 100 ns. 





25LS 

HIGH-PERFORMANCE 
LOW-POWER SCHOTTKY 

Page 

25LS14 8-bit serial/parallel two's complement multiplier 3-2 

25LS15 Quad serial adder/subtractor 3-6 

25LS22 8-bit serial/parallel register with sign extender 3-10 

25LS23 8-bit shift/storage register with synchronous clear 3-15 

25LS122 Single retriggerable monostable multivibrator with clear . ■ ■ • 3-18 

25LS123 Dual retriggerable monostable multivibrator with clear 3-18 

25LS138 3-to-8 line decoder/demultiplexer 3-21 

25LS139 Dual 2-to-4 line decoder/demultiplexer 3-21 

25LS151 8-to-1 line multiplexer, compl. outputs 3-24 

25 LSI 53 Dual 4 to 1 line multiplexer 3-26 

25LS157 Quad 2-to-1 line multiplexer 3-28 

25LS158 LSI 57, inverting 3-28 

25LS160 BCD decade counter, asynchronous clear 3-30 

25LS161 4-bit binary counter, asynchronous clear 3-30 

25LS162 BCD decade counter, synchronous clear 3-30 

25LS163 4-bit binary counter, synchronous clear 3-30 

25LS1 70 4x 4 register file with open collectors 3-38 

25LS174 Hex D-type flip-flop with clear 3-42 

25 LSI 75 Quad D-type flip-flop with clear 3-42 

25LS181 4-bit arithmetic logic unit 3-44 

25LS190 BCD decade up/down counter, synchronous 3-50 

25LS191 4-bit binary up/down counter, synchronous 3-50 

25LS192 BCD decade up/down counter, synchronous 3-58 

25LS193 4-bit binary up/down counter, synchronous 3-58 

25LS194A 4-bit universal shift register . . . 3-66 

25LS195A 4-bit parallel-access shift register 3-66 

25LS251 8-to-1 line multiplexer with tri-state output 3-73 

25LS253 Dual 4-to-1 line data selectors/multiplexers with tri-state output 3-75 

25LS257 Quad 2-to-1 line multiplexer with tri-state output 3-79 

25LS258 Quad 2-to-1 line multiplexer with tri-state output 3-79 

25LS299 8-bit universal shift/storage register 3-83 

25LS670 4x4 register files with tri-state outputs 3-86 
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25LS14 


8-Bit Serial/Parallel Two’s 
Complement Multiplier 


FEATURES 

■ Two's Complement Multiplication Without Correction 

■ Magnitude Only Multiplication 

■ Cascadable for any Number of Bits 

■ 8-Bit Parallel Multiplicand Data Input 

■ Serial Multiplier Data Input 

■ Serial Data Output for Multiplication Product 

■ 25 MHz Minimum Clock Frequency 

■ 100% Reliability Assurance Testing in Compliance 
With Ml L-STD-883 


FUNCTIONAL DESCRIPTION 

The 25LS14 is an 8-bit by 1 -bit sequential logic element 
that performs digital multiplication of two numbers repre- 
sented in two's complement form to produce a two's 
complement product without correction by using Booth's 
algorithm internally. The device accepts an 8-bit multi- 
plicand (X input) and stores this data in eight internal 
latches. The X latches are controlled via the clear input. 
When the clear input is LOW, all internal flip-flops are 
cleared and the X latches are opened to accept new multi- 
plicand data. When the clear input is HIGH, the latches are 
closed and are insensitive to X input changes. 

The multiplier word data is passed by the Y input in a 
serial bit stream-least significant bit first. The product is 
clocked out the S output least significant bit first. 


Vcc Y X4 X5 X6 X7 K 

@ [jp bp Qp bp [jp [ip 



0 


,CLR X3 X2 Xl Xq S CP 


0 


0 

GND 


The multiplication of an m-bit multiplicand by an n-bit 
multiplier results in an m + n bit product. The 25LS14 
must be clocked for m + n clock cycles to produce this 
two's complement product. Likewise, the n-bit multiplier 
(Y-input) sign bit data must be extended for the remaining 
m-bits to complete the multiplication cycle. 

The device also contains a K input so that devices can be 
cascaded for longer length X words. The sum (S) output of 
one device is connected to the K input of the succeeding 
device when cascading. Likewise, a mode input (M) is used 
to indicate which device contains the most significant bit. 
The mode input is wired HIGH or LOW depending on the 
position of the 8-bit slice in the total X word length. 


LOGIC DIAGRAM 


x 7 x 6 X 5 X 4 X 3 X 2 X! X 0 



Recommended Operating Conditions 



Military 

Commercial 

Units 

Min. 

Nom 

Max. 

Min. 

Nom. 

Max. 

Supply Voltage, Vqq 

4.75 

5 

5.25 

4.5 

5 

5.5 

V 

High-ievel Output Current, Iqh 



-1 



-1 

mA 

Low-level Output Current, Iql 


8 

12 


8 

12 

mA 

Operating Free-Air Temperature, T/\ 

-55 


125 

0 



G C 






8-Bit Serial/Parallel Two’s 
Complement Multiplier 


25LS14 


Electrical Characteristics Over Operating Temperature Range (Unless Otherwise Noted) 






Military 

Commercial 



Parameters 

Test Conditions (Note 1) 


Typ. 










Min. 

(2) 

Max. 

Min. 

Typ. 

Max. 

Units 

I 

o 

> 

Output HIGH Voltage 

Vcc = MIN., Iqh = 1 OmA 

V| N = V| H or V )L 

2.5 

3.4 


2.7 

3.4 


V 

v Ol 

Output LOW Voltage 

V CC = MIN. 

•OL = 8.0mA 



0.4 



0.40 

V 

V| N = V|(_| or V )L 

Iql = 1 2mA 



0.45 



0.45 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 

voltage for all inputs 

2.0 



2.0 



V 

V|L 

Input LOW Level 

Guaranteed input logical LOW 

voltage for all inputs 



0.8 



0.8 

V 

V| 

Input ClamP Voltage 

V CC = MIN., I| N = -18mA 



-1.2 



-1.2 

V 




X, M 



r0.48 



-0.48 


•iL 

Input LOW Current 

V C C = MAX., V|m = 0.4V 

K' CLR 



-1.2 



-1.2 

mA 


CP 



-1.6 



-1.6 




Y 



-3.2 



-3.2 





X, M 



20 



20 


l|H 

Input HIGH Current 

V C C = MAX., V 1 1\| = 2.7 V 

K, CLR 



30 



30 

M A 


CP 



40 



40 




Y 



80 



80 


l| Input HIGH Current 

V C C = MAX., V iN = 5.5V 



1.0 



1.0 

mA 

•sc 

Output Short Circuit Current 

(Note 4) 

Vcc = MAX. 

-40 


-100 

-40 


-100 

mA 

•cc 

Power Supply Current 

V C C = MAX. 


91 

155 


91 

155 

mA 


Switching Characteristics, V cc = 5V 


Parameter 

From 

(Input) 

To 

(Output) 

+25° C 

Units 

Min. 

Typ. 

Max. 

Test Conditions: C L = 15pF, R L = 2kft (See Fig. A, page 2-174) 

t PLH 

Clock 

Y 


13 

20 

ns 

t PHL 

Clock 

Y 


13 

20 

ns 

*PHL 

Clear 

X 


17 

25 

ns 


Set up time 

Y to Clock 

32 



ns 

*h 

Hold time 

0 



ns 

*8 

Set up time 

K to Clock 

18 



ns 

l h 

Hold time 

0 



ns 


Set up time 

Xi to Clear 

13 



ns 

t h 

Hold time 

0 



ns 

t pw 

Clock Pulse 

Width 

Clock Hi 

15 



ns 

Clock Low 

15 



ns 

t pw 

Clear Pulse Width 

20 



ns 


Clear Recovery Time 

18 



ns 

^max 

Max. Clock Frequency 

25 

40 


MHz 
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8-Bit Serial/Parallel Two’s 
25LS14 Complement Multiplier 


FUNCTION TABLE 


| Inputs 



Function 

IEB i 


K 


n 

a 


S 

- 

- 

L 

L 

- 

- 

- 

- 

Most Significant Multiplier Device 

- 

- 


H 

- 

- 

- 

- 

Devices Cascaded in Multiplier String 

L 

- 

- 

- 


- 

L 

L 

Load New Multiplicand and Clear Internal Sum and Carry Registers 

H 

- 

- 

- 

- 

- 

- 

- 

Device Enabled 

H 

t 

- 

- 

- 

L 

L 

AR 

Shift Sum Register 

H 

t 

- 

- 

- 

L 

H 

AR 

Add Multiplicand to Sum Register and Shift 

H 

t 

- 

- 

- 

H 

L 

AR 

Subtract Multiplicand from Sum Register and Shift 

H 

t 

- 

- 

- 

H 

H 

AR 

Shift Sum Register 


H = HIGH 
L = LOW 

t = LOW to HIGH transition 

CS = Connected to S output of higher order device 

OP = Xj latches open for new data (i = 0, 7) 

AR = Output as required per Booth's algorithm 


DEFINITION OF FUNCTIONAL TERMS 

Xo, X-|, X2, X3, X4, X5, X6, X7 The eight data inputs for 
the multiplicand (X) data. 

Y The serial input for the multiplier (Y) data— least signifi- 
cant bit first. 

S The serial output for the product of X • Y— least signifi- 
cant bit first. 

CP Clock. The buffered common clock input for the serial/ 
parallel multiplier. All functions occur on the LOW-to- 
HIGH transition of the clock. 


CLR Clear. The buffered common clear for all flip-flops 
within the device. When the clear is LOW all flip-flops are 
cleared. Also the buffered X-input latch enable. When the 
clear input is LOW, the X latches will accept new X-input 
data. 

K The sum expansion input to the serial/parallel multiplier. 
Allows for cascading devices. 

M The mode control input for the most significant bit of 
the multiplier It is used in conjunction, with c acceding tc 
determine the most significant bit. 


a 
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8 -Bit Serial/Parallel Two’s 

Complement Multiplier 25LS14 


APPLICATIONS 







25LS15 


Quad Serial Adder/Subtractor 


FEATURES 

■ Four Independent Adder/Subtractors 

■ Use with Two's Complement Arithmetic 

■ Magnitude Only Addition /Subtraction 

■ Advanced Low-Power Schottky Processing 

■ 100% Reliability Assurance Testing in Compliance With 
MIL-STD-883 

DESCRIPTION 

The 25LS15 is a serial/parallel two's complement adder/ 
subtractor designed for use in association with the 
25LS14 serial/parallel two's complement multiplier. This 
device can also be used for magnitude only addition or 
subtraction. 

Four independent adder/subtractors are provided with 
common clock and clear inputs. The add function is A plus 
B and the subtract function is A minus B. The clear func- 
tion sets the internal carry function to logic one in subtract 
mode. This least significant plus one is self propagating in 
the subtract mode as long as zeroes are applied at the LSB's. 


vcc F4 s 4 b 4 a 4 a 3 b 3 d 3 f 3 clr 



Note: Pin 1 is marked for orientation 


The 25LS15 is particularly useful for recursive or non- 
recursive digital filtering or butterfly networks in fast 
fourier transforms. 


LOGIC DIAGRAM 

(One of Four Similar Functions) 



3 
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Quad Serial Adder/Subtractor 


25LS1S 


Recommended Operating Conditions 



Military 

Commercial 

Units 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Supply Voltage Vqq 

4.5 

5 

5.5 

4.75 

5.0 

5.25 

V 

High-Level Output Current Iqh 



-440 



-440 

mA 

Low Level Output Current Iql 



8 



8 1 

mA 

Operating Free Air Temperature 

-55 


+125 

0 


+70 

°C 


Electrical characteristics Over Operating Temperature Range (Unless Otherwise Noted) 


Parameters 

Description 

Test Conditions (Note 1) 

Military 

Commercial 

Units 

Min. 

Typ. 

(Note 2) 

Max. 

Min. 

Typ. 

Max. 

V OH 

Output HIGH Voltage 

V CC = MIN < 'oh = ~ 44 °mA 

V IN = V IH or V IL 

2.5 



2.7 



Volts 

_i 

O 

> 

Output LOW Voltage 

V cc = MIN. 

V |N = V| H ° r V |L 

IqL = 4.0mA 



0.4 



0.4 

Volts 

IqI^ = 8.0mA 



0.45 



0.45 

V IH 

Input HIGH Level 

Guaranteed input logical HIGH 

voltage for all inputs 

2.0 



2.0 



Volts 

V IL 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 



0.7 



0.8 

Volts 

V| 

Input Clamp Voltage 

V cc = MIN., I| N = -18mA 



1.5 



1.5 

Volts 

'IL 

(Note 3) 

Input LOW Current 

Vcc = MAX., V| N = 0.4V 



-0.36 



-0.36 

Volts 

IlH 

(Note 3) 

Input HIGH Current 

Vcc = MAX., V|n = 2.7V 



20 



20 

Volts 

•l 

Input HIGH Current 

Vcc = max., V, n = 7.0V 



0.1 



~o/i 

mA 

! SC 

Output Short Circuit 

Current (Note 4) 

Vcc = MAX. 

-30 


-85 

-30 


-85 

mA 

■cc 

Power Supply Current 

(Note 5) 

Vcc = max. • 


48 

75 


48 

75 

mA 


Notes: 1 . For conditions shown as Min. or Max., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 

3. Actual input currents = Input Load Current x Input Load Factor (See Loading Rultes). 

4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

5. All inputs HIGH, measured after a LOW-to-HIGH clock transition. 


a 


[RAYTHEON 


3-7 







25LS15 


Quad Serial Adder/Subtractor 


Switch Characteristics V cc = 5.0V, T A = +25°C 


Parameters 

From 

(Input) 

To 

(Output) 

+25° C 

Units 

Min. 

Typ. | Max. 

Test Conditions: C L = 15pF, R L = 2k ft (See Fig. A, page 2-174) 

tPLH 

Clock 

F 


14 

22 

ns 

tPHL 


14 

22 

tPHL 

Clear 

F 


20 

30 

ns 

t S 

Set up time 

A, B, S 

10 



ns 

th 

Hold time 

0 



ts 

Clear Recovery time 

25 



ns 

^h 

Clear Hold time 

0 



tpw 

Clock Pulse 

Width 

Clock 

HIGH 

17 



ns 

LOW 

17 



tpw 

Clear Pulse Width 

20 



ns 

f MAX 

Max. Clock Frequency 

30 

40 


MHz 


FUNCTiON TABLE 



External Inputs 


Internal 

Point 

Output 


CP 

CLR 

S 

A 

B 

C 

Cl 

F 

Function 

X 

L 

L 

X 

X 

L 

L 

L 

Clear 

X 

L 

H 

X 

X 

H 

H 

L 

L 

H 

X 

X 

X 

NC 

NC 

NC 


H 

H 

X 

X 

X 

NC 

NC 

NC 


t 

H 

L 

L 

L 

L 

L 

L 


t 

H 

L 

L 

L 

H 

L 

H 


t 

H 

L 

L 

H 

L 

L 

H 


t 

H 

L 

L 

H 

H 

H 

L 

Add 

t 

H 

L 

H 

L 

L 

L 

H 

t 

H 

L 

H 

L 

H 

H 

L 


t 

H 

L 

H 

H 

L 

H 

L 


t 

H 

L 

H 

H 

H 

H 

H 


t 

H 

H 

L 

L 

L 

L 

H 


t 

H 

H 

L 

L 

H 

H 

L 


t 

H 

H 

L 

H 

L 

L 

L 


t 

H 

H 

L 

H 

H 

L 

H 

Subtract 

t 

H 

H 

H 

L 

L 

H 

L 

t 

H 

H 

H 

L 

H 

H 

H 


t 

H 

H 

H 

H 

L 

L 

H 


t 

H 

H 

H 

H 

H 

H 

L 



DEFINITION OF FUNCTIONAL TERMS 


Al,A2,A3,A4 

Bi,B2,B3,B4 

Sl,S2,S3,S4 


Fl,F2,F3,F4 
CP Clock 


CLR Clear 


The "A” input into each adder/subtractor 
The " B" input into each adder/subtractor 
The add subtract control for each adder/ 
subtractor. When S is LOW, the F function 
is A+B. When S is HIGH, the F function 
is A-B. 

The four independent serial outputs of the 
adder/subtractor. 

The clock input for the device. All internal 
flip-flops change state on the LOW-to- 
HIGH transition. 

When the clear input is LOW, the four 
independent addqr/subtractors are asyn- 
chronously reset. The sum flip-flop is al- 
ways set to logic "0". The carry flip-flop 
is set to logic "0" in the add mode and 
logic "1" in the subtract mode. 


C = Data In the Carry Flip-Flop Before the Clock Transition 

Ci = Data In the Carry Flip-Flop After the Clock 

X = Don't Care 

NC = No Change 

H = HIGH 

L = LOW 

t = LOW-to-HIGH Transition 
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Quad Serial Adder/Subtractor 


25LS15 


APPLICATIONS 

The normal butterfly network associated with the Cooley- 
Tukey Fast Fourier Transform (FFT) algorithm is shown 
below. Here we assume A, B, C, D and W are all complex 
numbers such that: 

A = A R +jA, 

B = B R +jB| 

W = W R +jW, 

The outputs C and D are also complex numbers and are 
evaluated as: 


C = C R +jC,=(A R +B R W R -B,W,)+j(A|+B R W|+B|W R ) 

D = C R +jD|=(A R -B R W R +B,W|)+J(A,-B R W,-B|W R ) 

The four multiplications can be implemented using four 
25LS14 serial-parallel multipliers (the appropriate number 
of bits must, of course, be used). The additions and the 
subtractions are implemented using the 25LS15 quad serial 
adder/subtractors. This diagram depicts only the basic data 
flow; binary weighting of the numbers, rounding, truncation, 
etc. must be handled as required by the individual design 
parameters. 


FAST FOURIER TRANSFORM (FFT) BUTTERFLY 



An FFT butterfly connection for complex arithmetic inputs and outputs. 
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8-Bit Serial/Parallel Register with Sign Extend 


25LS22 


FEATURES 

■ Three-State Outputs 

■ Multiplexed Serial Data Input 

■ Sign Extend Function 

■ Advanced Low-Power Schottky Processing 

■ 100% Reliability Assurance Testing in Compliance With 
Ml L-STD-883 

DESCRIPTION 

The 25LS22 is an 8-bit Serial/Parallel register with 3- 
state outputs. Data may also be loaded in a serial manner 
from inputs Da or Db under control of a multiplexer 
select input A register enable function also provides parallel 
load, shift and hold functions. 

The 25LS22 has a sign extend function which is specif- 
ically designed for use with the 25LS14 eight by one 
serial/parallel two's complement multiplier. Typical shift 
frequency is 50MHz. The 25LS22 is packaged in a standard 
20-pin package. 


LOGIC DIAGRAM 


REGISTER 

ENABLE 

SERIAL 

PARALLEL 

SIGN 

EXTEND 

Db 

MUX 

SELECT 


CLEAR 

CLOCK 

THREE 

STATE 

CONTROL 

OE 
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8-Bit Serial/Parallel Register with Sign Extend 


25LS22 


Recommended Operating Conditions 



Military 

Commercial 

Unit 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Supply Voltage Vqc 

4.5 

5.0 

5.5 

4.75 

5.0 

5.25 

V 

High Level Output Current Iqh 

Q 0 



-0.44 



-0.44 

mA 

°Yi 



-1.0 



-2.6 

Low Level Output Current Iql 


4 

8 


4 

8 

mA 

Operating Free Air Temperature 

-55 


+ 125 

0 


70 

°C 


Electrical Characteristics Over Operating Temp. Range (Unless Otherwise Noted) 



Description 

Test Conditions (Note 1) 

Military 

Commercial 

Unit 

Min. 

Typ. 

(2) 

Max. 

Min. 

Typ. 

Max. 

v OH 

Output HIGH Voltage 

V CC - MIN. 

V|N = V IH or V IL 

Q 0' 'OH = -440m A 

2.5 



2.7 



V 

DYj, l 0 H = -1-OmA 

2.4 



2.4 



DYj, Iqh = -2.6mA 

2.4 



2.4 



v OL 

Output LOW Voltage 

V CC = MIN. 

V| N = V| H or V | L 

Iql = 4.0mA 



0.4 



0.4 

V 

*OL = 8.0mA 



0.45 



0.45 

V| H 

Input HIGH Level 

Guaranteed input logical HIGH 

voltage for all inputs 

2.0 



2.0 



V 

V|L 

Input LOW Level 

Guaranteed input logical LOW 

voltage for all inputs 



0.7 



0.8 

V 

V| 

Input Clamp Voltage 

V cc - MIN., I| N - -18mA 




-1.5 



-1.5 

V 

IlL 

(Note 3) 

Input LOW Current 

V C c = MAX., V | N = 0.4V 

SE 



-1.08 



-1.08 

mA 

S 



-0.72 



-0.72 

Others 



-0.36 



-0.36 

'IH 

(Note 3) 

Input HIGH Current 

V CC = MAX., V, N = 2.7V 
(Except DYj) 

SE 



60 



60 

M A 

S 



40 



40 

Others 



20 



20 

'I 

Input HIGH Current 

V C c = MAX., V| N = 5.5V 
(Except DYj) 

SE 



0.3 



0.3 

mA 

S 



0.2 



0.2 

Others 



0.1 



0.1 

>0 

Off State (High Impedance) 
Output Current (DYj) 

Vcc = max. 

V 0 = 2.4V 



40 



40 

M A 

Vq = 0.4V 


1 

-100 



-100 

'sc 

Output Short Circuit 

Current (Note 4) 

V C c = MAX. 

-30 


-85 

-30 


-85 

mA 

'cc 

Power Supply Current 

V C C = MAX- 


40 

65 


40 

65 

mA 


Notes: 1 . For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device 
type. 

2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 

3. Actual input currents = Unit Load Current x Input Load Factor (See Loading Rules). 

4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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25LS22 


8-Bit Serial/Parallel Register with Sign Extend 


Switching Characteristics V cc = 5V, T A = +25°C 


Parameters 

From 

(Input) 

To 

(Output) 

+25° C 

Units 

Min. | Typ. j Max. 

Test Conditions: C L = 50pF, R L = 2kf) (see Fig. C on page 2-174) 

tPLH 

Clock 

DY j 


16.5 

24 

ns 

tPHL 


18 

26 

tPHL 

Clear 

□Y j 


23 

30 

ns 

tPLH 

Clock 

Qo 


16.5 

24 

ns 

tPHL 


18 

26 

tPHL 

Clear 

Qq 


23 

30 

ns 

Test Conditions: C L = 15pF, R L = 2kH (see Fig. C on page 2-174) 

tZH 

OE 

DYj 


13 

21 

ns 

t ZL 


18 

26 

t HZ 


13 

21 

t LZ 


18 

26 

tZH 

SER/PAR 

DYj 


18 

26 

ns 

tZL 


23 

32 

tHZ 


18 

26 

tLZ 


23 

32 

t S 

Set Up Time RE To 

Clock 

20 



ns 

ts 

Set Up Time SE To Clock 

10 



ts 

Set Up Time S To Clock 

15 



ts 

Set Up Time DA/DB to Clock 

15 



t S 

Set Up Time DY ; To Clock 

15 



ts 

Clear to Recovery To Clock 

8.0 



ts 

Set Up Time S/P To Clock 

15 



ns 

th 

Hold Time Any Input 

0 



th 

Clear Hold Time 

0 



ns 

tpw 

Clock Pulse Width 

HIGH 

8.0 



ns 

LOW 

8.0 



tpw 

Clear Pulse Width 

20 



ns 

tmax 

Max. Clock Frequency 

50 

70 


MHz 


FUNCiiON JADLt 



INPUTS 

OUTPUTS 



Register 

Serial/ 

Sign 

Mux 












Mode 

Clear 

Enable 

Parallel 

Extend 

Select 

OE* 

Clock 

dy 7 

dy 6 

dy 5 

dy 4 

dy 3 

dy 2 

DY! 

DY 0 

Qo 


L 

X 

X 

X 

X 

L 

X 

L 

L 

L 

L 

L 

L 

L 

L 

L 

Clear 

L 

X 

X 

X 

X 

H 

X 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

L 

Parallel Load 

H 

L 

L 

X 

X 

X 

t 

d 7 

D 6 

d 5 

d 4 

d 3 

d 2 

Dl 

D 0 

D 0 


H 

L 

H 

H 

L 

L 

t 

Da 

Y 7 n 

Y 6 n 

Y5n 

Y 4 n 

Y 3 n 

Y 2 n 

Yin 

Yin 

Shift Right 

















H 

L 

H 

H 

H 

L 

t 

d b 

Y7n 

Y 6 n 

Y 5 n 

Y 4 n 

Y 3 n 

c 

CN 

> 

Yin 

Ym 

Sign Extend 

H 

L 

H 

L 

X 

L 

t 

Y 7 n 

Y 7 n 

Y 6 n 

Y 5 n 

Y 4 n 

Y 3n 

Y 2 n 

Ym 

Ym 

Hold 

H 

H 

X 

X 

X 

L 

t 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 


L •= LOW H = HIGH 

t = Clock LOW-to-HIGH Transition NC= No Change 

X = Don't Care Z = High-Impedance Output State 

*When the OE input is HIGH, all input/output terminals are at the high-impedance state; sequential operation or clearing of the register is not 
affected. 

D-j, Dg . • • Do = the level of the steady-state input at the respective DY n terminal is loaded into the flip-flop while the flip-flop outputs (except 
Qq) are isolated from the DY n terminal. 

Da, Db = the level of the steady state inputs to the serial multiplexer input. 

Y 7n , Yg n • • • Y 0n = the ,evei the respective Q n flip-flop prior to the last Clock LOW-to-HIGH transition. 
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8-Bit Serial/Parallel Register with Sign Extend 


25LS22 


DEFINITION OF FUNCTIONAL TERMS 

DYj The multiplexed parallel input/output port to the 
device. Data may be parallel loaded into the 
register or data can be read in parallel from the 
register on these pins. These outputs can be forced 
to the high-impedance state, i = 0 through 7. 

Qo The continuous output from the Qq flip-flop of 
the register. This output is used for serial shifting. 

RE Register Enable. When RE is LOW, the register 
functions are enabled. When RE is HIGH, the 
register functions (parallel load, shift right and sign 
extended) are inhibited. 

S/P Serial/Parallel. When S/P is LOW, the register can 
by synchronously parallel loaded. This input forces 
the register output buffers to the high-impedance 
state independent of the OE input. When S/P is 
HIGH, the register contents are shifted right on 
the clock LOW-to-HIGH transition. 

SE Sign Extend. When the SE input is LOW, the 
contents of the Q7 flip-flop will be repeated in 
the Q7 flip-flop as the register is shifted right. 
When SE is HIGH, the two-input multiplexer 
(Da and Db) is enabled to enter data during the 
serial shift right. The Q7 flip-flop (DY7) is nor- 
mally considered the MSB of the register for 
arithmetic definitions. 

Da, Db The serial inputs to the device. 

S Multiplexer Select. When S is LOW, the Da serial 

input is selected. When S is HIGH, the Db serial 
input is selected. 

CLR Clear. The asynchronous clear to the register. 
When the clear is LOW, the outputs of the flip- 
flops are set LOW independent of all other inputs. 
When the clear is HIGH, the register will perform 
the selected function. 


CP Clock. The clock pulse for the register. Register 
operations occur on the LOW-to-HIGH transition 
of the clock pulse. 

OE Output Control. When the OE input is HIGH, the 
eight DYj outputs are in the high-impedance state. 
When OE is LOW, data in the eight flip-flops will 
be present at the register parallel outputs unless 
S/P is LOW. 

LOADING RULES (In Unit Loads) 


Input/ 

Output 

Pin No.'s 

LOW 
Input 
Unit Load 

Output 

HIGH 

Fan-Out 

Output 

LOW 

4mA 8mA 

RE 

1 

1 

- 

- 

- 

S/P 

2 

1 

- 

- 

- 

d a 

3 

1 

- 

- 

- 

dy 7 

4 

0.3 

50/130 

11 

22 

dy 5 

5 

0.3 

50/130 

11 

22 

dy 3 

6 

0.3 

50/130 

11 

22 

DY 1 

7 

0.3 

50/130 

11 

22 

OE 

8 

1 

- 

- 

- 

CLR 

9 

1 

- 

- 

- 

GND 

10 

- 

- 

- 

- 

CP 

11 

1 

- 

- 

- 

Q 0 

12 

- 

22 

11 

22 

DY 0 

13 

0.3 

50/130 

11 

22 

dy 2 

14 

0.3 

50/130 

11 

22 

dy 4 

15 

0.3 

50/130 

11 

22 

dy 6 

16 

0.3 

50/130 

11 

22 

d b 

17 

1 

- 

- 

- 

SE 

18 

3 

- 

- 

- 

S 

19 

2 

- 

- 

- 

v cc 

20 

- 

- 

- 

- 


Low-Power Schottky TTL unit load is defined as 20juA measured at 
2.7V HIGH and -0.36mA measured at 0.4V LOW. 
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25LS22 


8-Bit Serial/Parallei Register with Sign Extend 


APPLICATIONS 


CLEAR - 
CLOCK - 


DY7 DY6 DY5 DY4 DY3 DY2 DYi DYq 


Y 15 Y 14 Y 13 Y12 Yn Yiq Y9 Y8 


DY7 DY6 DY5 DY4 DY3 DY2 DYi DYq 


Y3 Y 2 Yt Yq 


UPPER BYTE 


LOWER BYTE 


16-BIT DATA BUS 


SYSTEM 

OPERATION 

25LS22 

UPPER BYTE 

25LS22 

LOWER BYTE 

FUNCTION 

SE 

S/P 

RE 

OE 

SE 

S/P 

RE 

OE 

Description 

Load lower byte and 

extend lower byte sign 

to upper byte 

H 

H 

L 

X 

X 

L 

L 

X 

Load from Bus 

L 

H 

L 

H 

X 

X 

H 

H 

7 clock cycles to 

extend sign 

Load upper byte and 

extend upper byte sign 

while shifting value to 

lower byte position 

X 

L 

L 

X 

X 

X 

X 

X 

Load from Bus 

H 

H 

L 

H 

H 

H 

L 

H 

8 clock cycles to extend 

upper byte sign and shift 

upper byte into lower byte 

position 

Read 16-bit word to Bus 

X 

X 

X 

L 

X 

X 

X 

L 

Unload 


Two 25LS22 8-bit registers can be used to perform the sign 
extend associated with two's complement 8-bit bytes for 
arithmetic operations in a 16-bit machine. If the upper byte 
value is to be used, it is shifted to the lower bit positions 
and its sign is extended. If the lower byte value is to be 
used, it is held in place while the sign is extended down- 
ward from the MSB position of the upper byte. 


Notes: 1. 


SET-UP, HOLD, AND RELEASE TIMES 



Diagram shown for HIGH data only. Output 2. Cross-hatched area is don't care condition, 

transition may be opposite sense. 
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8-Bit Shift/Storage Register with Synchronous Clear 


25LS23 


FEATURES 

■ Synchronous Clear 

■ Three-State Outputs 

■ Common Input/Output Pins 

■ Advanced Low-Power Schottky Processing 

■ 100% Reliability Assurance Testing in Compliance With 
Ml L-STD-883 

DESCRIPTION 

The 25LS23 is an 8-bit universal shift/storage register 
with 3-state outputs. The function is similar to the 
25LS299 with the exception of a synchronous clear 
function. Parallel load inputs and register outputs are 
multiplexed to allow the use of a 20-pin package. Separate 
continuous outputs are also provided for flip-flops A and H. 

Four modes of operation are possible— Hold (store), Shift- 
left, Shift-right and Load Data. The 25LS23 has a 
typical shift frequency of 50MHz. The 25LS23 is pack- 
aged in a standard 20-pin package. 


LOGIC DIAGRAM 


Si So 



A/Q A B/Q b C/Q C D/Q D E/Qe F/Qe G/Q G HQh 
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25LS23 


8-Bit Shift/Storage Register with Synchronous Clear 


Recommended Operating Conditions 



Military 

Commei-cial 

Unit 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Supply Voltage Vcc 

4.5 

5.0 

5.5 

4.75 

5.0 

5.25 

V 

High Level Output Current Iqh 

Q0-Q7 



-0.44 



-0.44 

mA 

DY 0 — DY 7 



-1.0 



-2.6 

Low-Level Output Current Iqh 


4.0 

8.0 


4.0 

8.0 

mA 

Operating Free Air Temperature Ta 

-55 


+125 

0° 


70 

°C 


Electrical Characteristics Over Operating Temperature Range (Unless Otherwise Noted) 



Description 

Test Conditions (Note 1 ) 

Military 

Commercial 

Units 

Min. 

(2) 

Max. 

Min. 

Typ. 

Max. 

v OH 

Output HIGH Voltage 

V C C = MIN. Qo, Q7 

Iqh = -440juA 

2.5 



2.7 



V 

Vm = Vm or I 

VOL i DY °- DY7 

lOH = -1.0mA 

2.4 






Iqh = -2.6mA 




2.4 



v OL 

Output LOW Voltage 

Vcc = MIN. 

V|N = V|H or V| L . 

'OL = 4.0mA 


0.25 

0.4 


0.25 

0.4 

V 

Iql = 8.0mA 


0.35 

0.45 


0.35 

0.45 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 

voltage for all inputs 

2.0 



2.0 



V 

V|L 

Input LOW Level 

Guaranteed input logical LOW 

voltage for all inputs 



0.7 



0.8 

V 

V| 

Input Clamp Voltage 

Vcc = MIN., I|n = -18mA 



-1.5 



-1.5 

V 

* t L 

(Note 3) 

Input LOW Current 

V C c = MAX., V tN = 0.4V 

So- Si 



-0.8 



-0.8 

mA 

All others 



-0.4 



-0.4 

'IH 

(Note 3) 

Input HIGH Current 

V C C = MAX., Vhm = 2.7V 
(Except DYj) 

s 0- S 1 



40 



40 

MA 

All others 



20 



20 

'I 

Input HIGH Current 

VCC = MAX., V| N = 5.5V 
(Except DYj) 

So- Si 



0.2 



0.2 

mA 

All others 



0.1 



0.1 

'o 

Off-State (High Impedance) 

Output Current 

Vcc = max. 

V 0 = 0.4V 



-100 



-100 

mA 

V 0 = 2.4V 



40 



400 

'sc 

Output Short Circuit Current 

(Note 4) 

Vcc = max. 

-30 


-85 

-30 


-85 

mA 

'cc 

Power Supply Current 

Vcc = MAX. (Note 5) 


38 

57 


38 

57 

mA 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 

3. Actual input currents = Unit Load Current x Input Load Factor (see Loading Rules). 

4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

5. Iqq— measured with clock input HIGH and output controls HIGH. 

Switching Characteristics (T A = +25°C. Vrr = 5.0V) 


Parameters 

From 

(Input) 

To 

(Output) 

+25° C 

Units 

Min. | Typ. | Max. 

Test Conditions: C L = 15pF, R L = 2kO (See Fig. A, page 2-174) 

tPLH 

Clock 

P 

0 

P 


19 


ns 

t PH L 


23 


tPLH 

Clock 

DYi 


18 


tPHL 


21 


Is 

Sj, So Setup Prior to Clock 

20 



ns 

Is 

Sr, S(_ Setup Prior to Clock 

20 



fpw 

Clock Pulse Width 

25 



th 

Hold Time 

3.0 



t S 

Clear Setup Prior to Clock 

20 



tZH 

Sj, s 0 

DYj 


20 


ns 

tZL 


19 


*ZH 

Gi, G2 

DYj 


20 


tZL 


18 


Imax 

Maximum Frequency 


50 


mHz 

Test Conditions: C L = 5pF, R L = 2kSl (See Fig. C, page 2-174) | 

t LZ 

Si - So 

DYj 


22 


ns 

tHZ 


20 


tLZ 

Gi- G2 

DY; 


20 


tHZ 


16 
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8-Bit Shift/Storage Register with Synchronous Clear 


25LS23 


TRUTH TABLE 


Function 

INPUTS 

OUTPUTS 

INPUTS/OUTPUTS 

Sr 

S L 

CLEAR 

CLOCK 

So 

Si 

Gl 

g 2 

Qo 

0 7 

DY 0 

DYi 

dy 2 

dy 3 

dy 4 

DY 5 

dy 6 

dy 7 

Clear 

X 

X 

L 

t 

(Note 1) 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 


X 

X 

X 

X 

X 

X 

H 

L 

NC 

NC 

Z 

Z 

Z 

Z 

Z 

Z 

z 

Z 


X 

X 

X 

X 

X 

X 

L 

H 

NC 

NC 

Z 

Z 

Z 

Z 

Z 

Z 

z 

Z 

Control 





















X 

X 

X 

X 

X 

X 

H 

H 

NC 

NC 

z 

Z 

Z 

Z 

Z 

Z 

z 

Z 


Hold 

X 

X 

H 

X 

L 

L 

L 

L 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

M 

Load (Note 2) 

X 

X 

H 

t 

H 

H 

L 

L 

A 

H 

A 

B 

C 

D 

E 

F 

G 

H 

0 

Shift Right 

L 

X 

H 

t 

H 

L 

L 

L 

L 

dy 6 

L 

DY o 

DYt 

dy 2 

dy 3 

dy 4 

dy 5 

dy 6 

D 

Shift Right 

H 

X 

H 

t 

H 

L 

L 

L 

H 

dy 6 

H 

DY 0 

DYt 

dy 2 

dy 3 

dy 4 

dy 5 

dy 6 

E 

Shift Left 

X 

L 

H 

t 

L 

H 

L 

L 

DYi 

L 

QYi 

dy 2 

dy 3 

dy 4 

dy 5 

dy 6 

dy 7 

L 


Shift Left 

X 

H 

H 

t 

L 

H 

L 

L 

DY-| 

H 

□Y! 

dy 2 

dy 3 

dy 4 

dy 5 

dy 6 

dy 7 

H 


L = LOW 
H = HIGH 


Z = High Impedance 
X = Don't Care 


t = Transition LOW-to-HIGH 
NC = No Change 


iMores. i, 






DEFINITION OF FUNCTIONAL TERMS 

SR Shift right data input to Q7 

SL Shift left data input to Qo 

Clear Active LOW synchronous input forcing the 

Qq through Q7 register to see LOW condi- 
tions, visable only if outputs are enabled. 

Clock A LOW-to-HIGH transition will result in the 

register changing state to next state as de- 
scribed by mode and input data condition. 

S 0 , Si Mode selection control lines used to control 

input (output during load) conditions 


G 1 , G'2 


Qq, Q7 


DY0-DY7 


2. In this mode DYj are inputs. 


Active LOW input to control three-state out- 
put in active LOW AND configuration. 

The only two direct outputs; used to cascade 
shift operations 

Input/Output line dependent on mode and 
output control. Input only with mode select 
LOAD. Output in all other modes but sub- 
ject to output select (G-|, G2). 


APPLICATION 


INPUT/OUTPUT DATA 


SHIFT 
RIGHT - 
DO 


SERIAL 
OUTPUT - 
LEFT 


CLEAR - 
CLOCK - 


MODE / “ 
CONTROL \ 


Do Di 

| | 

o 

D 

D 6 D7 

1 | 

DY 0 DY! 

DY2 DY3 DY4 DY5 

dy 6 dy 7 

Sr 


L 

CLEAR 


CLK 

so 

25LS23 

Gl 

Si 

Qo 


g 2 

0/ 


Ds Dg Dio D11 D12 D13 Di4 D15 


DYo DYi 

DY 2 DY3 DY 4 DY 5 DYo 

dy 7 

Sr 



CLEAR 

25LS23 

CLK 

so 


Gl 

Si 


G2 

Qo 


07 


SHIFT 
- LEFT 
INPUT 


SERIAL 
- OUTPUT 
RIGHT 


16-Bit Cascaded Parallel Load/Unload Shift Right/Left Register 


Eraytheon^ 
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Single and Dual Retriggerable 
Monostable Multivibrators with Clear 


25LS122 25LS123 


FEATURES 

■ Retriggerable for Very Long Output Pulses, Up to 100% 
Duty Cycle 

■ Overriding Clear Terminates Output Pulse 

■ Low Power Dissipation: 

25 LSI 22 . . . 30 mW Typical 
25 LSI 23 . . . 60 mW Typical 

■ Compensated for Vcc and Temperature Variations 

■ D-C Triggered from Active- High or Active- Low Gated 
Logic Inputs 

■ 25LS122 Has Internal 10 k £1 Timing Resistor 

■ Diode-Clamped Inputs 

■ Compatible for Use with TTL or DTL 

■ 50mV improved Vq L compared to 9LS/74LS 

■ 440juA source current 

■ 100% reliability assurance testing in compliance with 
Ml L-STD-883 

DESCRIPTION 

The 25LS122 and 25LS123 multivibrators feature d-c trig- 
gering from gated low-level-active (A) and high-level-active 
(B) inputs, and also provide overriding direct clear inputs. 
Complementary outputs are provided. The retrigger capa- 
bility simplifies the generation of output pulses of extremely 
long duration. By triggering the input before the output 
pulse is terminated, the output pulse may be extended. 
The overriding clear capability permits any output pulse to 
be terminated at a predetermined time independently of 
the timing components R and C. Enough Schmitt hysteresis 
is provided to ensure jitter-free triggering from the B inputs 
with transition rates as slow as 1 volt per second. Figure 
1 illustrates triggering the one-shot with the high-level-active 
(B) inputs. 


25 LSI 22 



Die Size 


14 1 

Vcc 

.085 x .071 


Rext/ 

Vcc c ext NC Cext NC R jnt 



NC— No internal connection. 


25LS123 


GND 

10 9 8 7 



15 16 1 

vcc 


1 Rext/ 1 

VCC Cext Cext IQ 



1 A IB 1 15 


CLR 


2 

2Q CLR 2B 2A 



2Q 2 2 Rext/GNC 
c ext Cext 


logic: see function table 


Die Size .085 x .071 


25LS122 FUNCTION TABLE 
(SEE NOTE 1) 


| INPUTS j 

OUTPUTS | 

CLEAR 

A1 

A2 

B1 

B2 

Q 

Q 

L 

X 

X 

X 

X 

L 

H 

X 

H 

H 

X 

X 

L 

H 

X 

X 

X 

L 

X 

L 

H 

X 

X 

X 

X 

L 

L 

H 

X 

L 

X 

H 

H 

L 

H 

H 

L 

X 

t 

H 

Jl 

u 

H 

L 

X 

H 

t 

J~L 

IS 

H 

X 

L 

H 

H 

L 

H 

H 

X 

L 

t 

H 

J~L 

is 

H 

X 

L 

H 

t 

J~L 

is 

H 

H 

4 

H 

H 

_TL 

U" 

H 

4 

4 

H 

H 

J~L 

i_r 

H 

4 

H 

H 

H 

J~L 

i_r 

t 

L 

X 

H 

H 

J~L 

is 

t 

X 

L 

H 

H 

SL 

“U" 


25 LSI 23 FUNCTION TABLE 
(SEE NOTE 1) 


INPUTS 

OUTPUTS I 

CLEAR 

A 

B 

Q 

Q 

L 

X 

X 

L 

H 

X 

H 

X 

L 

H 

X 

X 

L 

L 

H 

H 

L 

t 

_TL 

1S 

H 

4 

H 

_n_ 

is 

t 

L 

H 

_TL 

i_r 


[RAYTHEON] 
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Single and Dual Retriggerable 
Monostable Multivibrators with Clear 


25LS122 25LS123 


NOTES: 


1. H = high level (steady state), L = low level (steady state), t = transition from low to high level, I = transition from high to low 
level, H = one high-level pulse, L = one low-level pulse, X = irrelevant (any input, including transitions). 

2. To use the internal timing resistor of 25LS122, connect Rj nt to Vqq. 

3. An external timing capacitor may be connected between C ex t and Rext^ext (positive). 

4. For accurate repeatable pulse w idths, connect an external resistor between Rext/Cext and ^CC w 'th Rjnt °P en circuited. 

5. To obtain variable pulse widths, connect external variable resistance between Rj nt or Rext^ext and ^CC- 


RETRIGGER PULSE 
(See Note) 


. _n a 


“output without retrigger 
OUTPUT PULSE CONTROL USING RETRIGGER PULSE 


_n 


in 


OUTPUT WITHOUT CLEAR 


OUTPUT PULSE CONTROL USING CLEAR INPUT 


TYPICAL OUTPUT PULSE WIDTH 
EXTERNAL TIMING CAPACITANCE 



C ext — Extern 8 ! Timing Capacitance-pF 


NOTE: Retrigger pulse must not start before 0.22 C ext (in 

picofarads) nanoseconds after previous trigger pulse. 

FIGURE 1-Typical Input/Output Pulses 

These monostables are designed to provide the system de- 
signer with complete flexibility in controlling the pulse 
width, either to lengthen the pulse by retriggering, or to 
shorten by clearing. The 25LS122 has an internal timing re- 
sistor which allows the circuit to be operated with only an 
external capacitor, if so desired. 

The output pulse is primarily a function of the external 


^These values of resistance exceed the maximum recommended for 
use over the full temperature range of the 9LS/54LS' circuits. 

FIGURE 2 

capacitor and resistor. For C ex t > 1000 pF, the output 
pulse width (t w ) is defined as: 

t w = 0.4 • Rt * C ex t 

where 

Rj is in k£2 (either internal or external timing resistor), 

C ex t »s in pF, 
t w is in ns. 

For pulse widths when C ex t ^ 1 000 pF, see Figure 2. 


Recommended Operating Conditions 



Military 

Commercial 

Unit 

Min. 

Nom. 

Max. 

Min. 

Nom. 

Max. 

Supply voltage, Vqq 

4.5 

5 

5.5 

4.75 

5 

5.25 

V 

High-level output current, Iqh 



-440 



-440 

m a 

Low-level output current, Iql 

4 


8 

4 


8 

mA 

Pulse width, t w 

A or B inputs high 

40 



40 



ns 

A or B inputs low 

40 



40 



Clear low 

40 



40 



External timing resistance, R e xt 

5 


225 

5 


360 


External capacitance, C ext 

No restriction 

No restriction 


Wiring capacitance at R e xt/C e xt terminal 

50 

50 

pF 

Operating free-air temperature, T /\ 

-55 



125 

0 


70 

°C 


^RAYTHEON^ 





25LS122 25LS123 


Single and Dual Retriggerable 
Monostable Multivibrators with Clear 


Electrical Characteristics Over Recommended Operating Free-Air Temperature Range 
(Unless Otherwise Noted) 


Parameter 




Military 

Commercial 

Unit 

1 est conditions 1 


Min. 

Typ.* 

Max. 

Min. 

Typ.* 

Max. 

V| H 

High-level input voltage 


2 



2 



V 

V| L 

Low-level input voltage 




0.7 



0.8 

V 

V| 

Input clamp voltage 

v C c = min. 

l| = -18 mA 



-1.5 



-1.5 

V 

v OH 

High-level output voltage 

V C C = MIN, 

V| l = V|l max, 

V IH = 2V, 

Iqh = -440 ixA 

2.5 

3.5 


2.7 

3.5 


V 

v OL 

Low-level output voltage 

v C c = min. 

> 

CM 

I 

> 

Iql = 4 mA 


0.25 

0.4 


0.25 

0.4 

v 

V|l = V|l max 


Iql = 8 mA 


0.35 

0.45 


0.35 

0.45 


•l 

Input current at 

maximum input voltage 

vcc = max, 

< 

II 

^1 

< 




0.1 



0.1 

mA 

'IH 

High-level input current 

V C c = MAX, 

V| = 2.7V 




20 



20 


'IL 

Low-level input current 

Vcc = MAX, 

Vj = 0.4V 




-0.4 



-0.4 

mA 

'os 

Short-circuit output current^ 

V C c = MAX 

-15 


-85 

-15 


-85 

mA 

'cc 

Supply current 

V C c = MAX, 

See Note 2 

25LS122 


6 

11 


6 

11 

mA 

(quiescent or triggered) 

25LS123 


12 

20 


12 

20 


^For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

*AII typical values are at Vcc = 5V, T/\ = 25°C. 

^Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

NOTE 2: With all outputs open and 4.5 V applied to all data and clear inputs, Ice is measured after a momentary ground, then 4.5 V, is 
applied to clock. 


Switching Characteristics V cc = 5.0V Over Recommended Free-Air Temperature Range. 


Parameters 

From 

(Input) 

To 

(Output) 

+25° C 

Unit 

Min. 

Typ. 

Max. 

r 

iest conditions: C L = 15pF, R L = 2.0k C ex t = OpF, R ex t = 5.0 k(l 
(See Fig. 3, page 3-19, and Fig. A, page 2-174) 

Vlh 

A 

Q 


20 

30 

ns 

B 


26 

38 

t PHL 

A 

Q 


28 

40 

ns 

B 


35 

48 

t PHL 

Clear 

Q 


16 

22 

ns 

t PLH 

Q 


25 

40 

ns 

t w Q (min) 

A or B 

Q 


116 

200 

ns 

*‘w Q 

A or B 

Q 

4.0 

4.5 

5.0 

ns 


*For this test R ext = 10 k£2, C ext = 1000 pF. 
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Decoders/Dem u Iti plexers 


25LS138 25LS139 


FEATURES 

■ 25LS138: 3-Line-to-8-Line Decoder 

1-of-8 Demultiplexer 

■ 25LS139: Dual 2-Line-to-4-Line Decoder 

Dual 1-of-4 Demultiplexer 

■ Higher Speed compared to 9LS/54LS and 9LS/74LS 

■ 8mA sink current over full military temperature 
range 

■ 50mV improved Vql compared to 9LS/74LS 

■ 440/iA source current 

■ 100% reliability assurance testing in compliance with 
MIL-STD-883. 

DESCRIPTION 

The 25LS138 decodes one-of-eight lines dependent on, the 
conditions at the three binary select inputs and the three 
enable inputs. Two active-low and one active-high enable 
inputs reduce the need for external gates or inverters when 
expanding. A 24-line decoder can be implemented without 
external inverters and a 32-line decoder requires only one 
inverter. An enable input can be used as a data input for 
demultiplexing applications. 

The 25LS139 comprises two individual two-line-to-four-line 
decoders in a single package. The active-low enable input 
can be used as a data line in demultiplexing applications. 

These circuits are designed to be used in high-performance 
memory-decoding and data-routing applications requiring 
very short delay times. 


PIN-OUT DIAGRAMS 


25LS138 


1 16 15 14 



6 7 8 9 

Die Size .063 x .069 


DATA OUTPUTS 

A 


Vcc YO Y1 Y2 Y3 Y4 Y5 Y6 

^ 3 lip Gp Dp Up Ep [^1 E 


YO Y1 Y2 Y3 


C G2A G2B G) Y7 


mi 

A 


SELECT 


iiwmmas 

C, G2AG2B G1, Y7 GND 
ENABLE OUTPUT 



25LS138 

FUNCTION TABLE 



H = high level, L - low level, X = don't care 


25LS139 

FUNCTION TABLE (Vz) 


INPUTS | 

OUTPUTS 

ENABLE 

G 

SELECT 

B 

A 

YO 

Y1 

Y2 

Y3 

H 

X 

X 

H 

H 

H 

H 

L 

L 

L 

L 

H 

H 

H 

L 

L 

H 

H 

L 

H 

H 

L 

H 

L 

H 

H 

L 

H 

L 

H 

H 

H 

H 

H 

L 


H = high level, L = low level, X = don't care 
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25LS138 25LS139 


Decoders/Dem u Iti plexers 


25LS138 


LOGIC DIAGRAMS 


25LS139 



DATA 

OUTPUTS 


ENABLE 


SELECT 

INPUTS 


ENABLE 


SELECT 

INPUTS 



1 YO 
1Y1 
1Y2 
1Y3 

2Y0 

2Y1 

2Y2 

2Y3 


DATA 

OUTPUTS 


Recommended Operating Conditions 



Military 

Commercial 

Unit 

Min 

Nom 

Max 

Min 

Nom 

Max 

Supply voltage, Vcc 

4.5 

5 

5.5 

4.75 

5 

5.25 

V 

High-level output current, Iqh 



-440 



-440 

jlA 

Low-level output current, Iql 

4 



4 


8 

mA 

Operating free-air temperature, T A 

-55 


125 

0 


70 

°C 


Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted) 


Parameter 

Test Conditions* 

Military 

Commercial 

Unit 

Min 

Typ** 

Max 

Min 

Typ** 

Max 

V| H 


2 



2 



V 

V.L 




0.7 



0.8 

V 

V| 

V CC =MIN, l| = - 1 8mA 



-1.5 



-1.5 

V 

V OH 

V CC “MIN, V|H=2V, 

V|L=V|Lmax, Iqh = — 440/iA 

2.5 

3.4 


2.7 

3.4 


V 

V OL 

V CC =MIN, V|h=2V, 

V|L=Vn_max 

loi_ = 4mA 


0.25 

0.4 


0.25 

0.40 

V 

l 0 i_ = 8mA 


0.3 

0.45 


0.35 

0.45 

l| 

V C c = MAX, V|=7V 



0.1 

20 



0.1 

mA 

i|H 

V C c = MAX, V|=2.7V 




20 

M A 

1 1 L- 

V C c = MAX, V|=0.4V 



-0.36 



-0.36 

mA 

■os 1- 

Vcc-max 

-15 


-85 

-15 


-85 

mA 

•cc 

V C c = MAX, 

Outputs enabled and open 

25LS138 


6.3 

10 


6.3 

10 

mA 

25LS139 


6.8 

11 


6.8 

11 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

**AII typical values are at V cc = 5V, T A = 25°C. 
tNot more than one output should be shorted at a time. 
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Decoders/Dem u Iti plexers 


25LS138 25LS139 







25LS151 


8-l_ine-To-1-Line Multiplexers 


FEATURES 


PIN-OUT DIAGRAMS 


■ Select one of eight data sources 

■ Perform parallel-to-serial conversion 

■ 25LS151 has complementary outputs 

■ 25LS151 has strobe input 

■ Higher Speed compared to 9LS/54LS and 9LS/74LS 

■ 8mA sink current over full military temperature 
range 

■ 50mV improved Vql compared to 9LS/74LS 

■ 440/i A source current 

■ 100% reliability assurance testing in compliance with 
MIL-STD-883 

DESCRIPTION 

These monolithic data selectors/multiplexers contain full 
on-chip binary decoding to select one-of-eight data sources. 
The 25LS151 has a strobe input which must be at a low 
logic level to enable the device. A high level at the strobe 
forces the W output high, and the Y output low. 

The 25LS151 features complementary W and Y outputs. 


LOGIC DIAGRAMS 

STROBE 



25LS151 


DATA INPUTS D ATA SELECT 
Vcc 4 5 6 7 A B C 

0000000GO 


04 D6 D6 D7 A B ] 

03 C 

02 01 DO Y W S 



3 2 1 0 Y W £ GND 

' V ' N V ' O 

DATA INPUTS OUTPUTS | 


2 1 16 .15 

14 
13 
12 

11 

GND 9 10 

Die Size: .056 x .057 ® 



OUTPUT Y 
OUTPUT W 


25LS151 

FUNCTION TABLE 


INPUTS 

OUTPUTS 

SELECT 

STROBE 


W 

c 

B 

A 

S 

i 

X 

X 

X 

H 

L 

H 

L 

L 

L 

L 

DO 

DO 

L 

L 

H 

L 

D1 

D1 

L 

H 

L 

L 

D2 

D2 

L 

H 

H 

L 

D3 

D3 

H 

L 

L 

L 

D4 

D4 

H 

L 

H 

L 

D5 

D5 

H 

H 

L 

L 

D6 

D6 

H 

H 

H 

L 

D7 

D7 


H = high level, L = low level, X = don't care 
DO, D1 . . . D7 = the level of the D respective input 


EraytheonH 
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8-Line-To-1-Line Multiplexers 


25LS151 


Recommended Operating Conditions 



Military 

Commercial 

Unit 

Min 

Nom 

Max 

Min 

Nom 

Max 

Supply voltage, Vqc 

4.5 

5 

5.5 

4.75 

5 

5.25 

V 

High-level output current, Iqh 



-440 



-440 

IJiA 

Low-level output current, Iql 

4 


8 

4 


8 

mA 

Operating free-air temperature, T A 

-55 


125 

0 


70 

°C 


Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted) 


Parameter 

Test Conditions* 

Military 

Commercial 

Unit 

Min 

Typ** 

Max 

Min 

Typ** 

Max 

V, H 


2 



2 



V 

V|L 




0.7 



0.8 

V 

V| 

Vcc^MIN, 1 1 = - 1 8mA 



-1.5 



-1.5 

V 

V OH 

v cc =min, V ih =2V, 

V|i_ = V||_max Ioh = — 440)iiA 

2.5 

3.4 


2.7 

3.4 


V 

O 

> 

V C c=MIN, V| H =2V, 

V|L=V||_max 

IOL = 4mA 


0.25 

0.40 



0.40 

V 

IOL = 8mA 


0.3 

0.45 


0.35 

0.45 

l| 

V C c=MAX, V|=7V 



0.1 



0.1 

mA 

l|H 

V C c=MAX, V|=2.7V 



20 



20 

mA 

l|L 

V CC = MAX, V|=0.4V 



-0.4 



-0.4 

mA 

•os* 

v C c=max 

- 1 5 


-85 

-15 


-85 

mA 

•cc 

Vcc = MAX, Outputs open 

All inputs at 4.5V 


6.0 

10 


6.0 

10 

mA 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

**AII typical values are at Vc c = 5V, T A = 25°C. 

+ Not more than one output should be shorted at a time. 


Switching Characteristics, V cc = 5V, T A = +25°C 


Parameter 

From 

(input) 

To 

(output) 

+ 25°C 

Unit 

Min | Typ | Max 

Test Conditions: C u = 15pF, R L = 2kft (See Fig. A, page 2-174) | 

tPLH 

A, B or C 
(4 levels) 

Y 


272 

41 

ns 

tpLH 


20 

30 

tPLH 

A, B, or C 
(3 levels) 

W 


16 

23 

ns 

tPLH 


22 

32 

tPLH 

Strobe 

Y 


22 

33 

ns 

tPLH 


18 

27 

tPLH 

Strobe 

W 


13 

20 

ns 

tPLH 


17 

26 

tPLH 

Any D 

Y 


17 

26 

ns 

tPLH 


15 

23 

tPL-H 

Any D 

W 


10 

15 

ns 

tPLH 


10 

15 


^Raytheon]] 
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25LS153 


Dual 4-Line-To-1-Line Multiplexer 


FEATURES 

■ Permits multiplexing from N lines to 1 line 

■ Performs parallel-to-serial conversion 

■ Strobe (Enable) line provided for cascading (N lines 
to n lines) 

■ Non-inverting 

■ Higher Speed compared to 9LS/54LS and 9LS/74LS 

■ 8mA sink current over full military temperature 
range 

■ 50mV improved Vql compared to 9LS/74LS 

■ 440juA source current 

■ 100% reliability assurance testing in compliance with 
MIL-STD-883 

DESCRIPTION 

The 25LS153 is a high speed Dual 4-Line to 1-Line Multi- 
plexer with common select inputs and separate strobe 
(enable) inputs for each half. Each half can select one bit of 
four and present it at the output in non-inverted form. 


LOGIC DIAGRAM 



PIN-OUT DIAGRAM 



FUNCTION TABLE 



Select inputs A and B are common to both sections. 


H = high level, L = low level, X = don't care 
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Dual 4-Line-To-1-Line Multiplexer 


25LS153 


Recommended Operating Conditions 



Military 

Commercial 

Unit 

Min 

Nom 

Max 

Min 

Nom 

Max 

Supply voltage, Vcc 

4.5 

5 

5.5 

4.75 

5 

5.5 

V 

High-level output current, Iqh 



-440 



-440 

H A 

Low-level output current. Ini 

4 


8 

4 


8 

mA 

Operating free-air temperature, T A 

-55 


125 

0 


70 

°C 


Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted) 


Parameter 

Test Conditions* 

Military 

Commercial 

Unit 

Min 

Typ** 

Max 

Min 

Typ** 

Max 

V|H 


2 



2 



V 

V|L 




0.7 



0.8 

V 

V| 

Vcc=MIN, 1 1 = - 1 8mA 



-1.5 



-1.5 

V 

v OH 

Vcc^MIN, V|h=2V, 

V||_=V|Lmax, Iqh ~ — 440juA 

2.5 

3.4 


2.7 

3.4 


V 

o 

> 

Vcc^MIN, V|h=2V, 

V|L=V|L m ax 

loL = 4mA 


0.25 

0.40 



0.40 

V 

loL^SmA 


0.3 

0.45 


0.35 

0.45 

ll 

V C C“MAX, V|=7.0V 



0.1 



0.1 

mA 

IlH 

V CC =MAX, V|=2.7V 



20 



20 

MA 

IlL 

V C c = MAX, V|=0.4V 



-0.36 



-0.36 

mA 

•ost 

V C c=MAX 

-15 


-85 

-15 


-85 

mA 

>CCLtt 

V C c=MAX 


6.2 

10 


6.2 

10 

mA 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

**AII typical values are at Vcc = 5 V, T A = 25° C. 

tNot more than one output should be shorted at a time, 
tt IcCL ' s measured with the outputs open and all inputs grounded. 


Switching Characteristics, V C c = 5V, T A = +25°C 


Parameter 

From 

(input) 

To 

(output) 

+25°C 

Min | Typ | Max 

Unit 

Test Conditions: C L = 15pF, R L = 2k Cl (See Fig. A, page 2-174) j 

tPLH 

Data 

Y 


7 

13 

ns 

tPLH 

Data 

Y 


10 

16 

ns 

tPLH 

Select 

Y 


16 

24 

ns 

tPLH 

Select 

Y 


20 

25 

ns 

tPLH 

Strobe 

Y 


13 

n-,20 

ns 

tPLH 

Strobe 

Y 


15 

20 

ns 
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Quadruple 2-Line-To-1-Line Multiplexers 


25LS157 25LS158 


Recommended Operating Conditions 



Military 

Commercial 

Unit 



B2E1 

ESDI 



Supply voltage, V C c 

4.5 

5 

5.5 

4.75 

5 

5.25 

V 

High-level output current, Iqh 



-440 



-440 

pA 

Low-level output current, Iol 

4 


8 

4 


8 

mA 

Operating free-air temperature, T A 

-55 


125 

0 


70 

°C 


Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted) 


Parameter 

Test Conditions* 

Military 

Commercial 

Unit 

Min 

Typ** 

Max 

Min 

Typ** 

Max 

V| H 


2 



2 



V 

V|L 




0.7 



0.8 

V 

V| 

V CC =MIN, l| = - 1 8mA 



-1.5 



-1.5 

V 

V OH 

V CC =MIN, V|h=2V, 

V| L =MAX, I O h = -440mA 

2.5 

3.4 


2.7 

3.4 


V 

V OL 

V CC =MIN, V ih =2V, 
V,l=MAX 

IOL = 4mA 


0.25 

0.40 


0.25 

0.40 

V 

1 qi =8mA 


0.3 

0.45 


0.35 

0.45 

l| 

S or G input 

V CC =MAX, V|=7V 



0.2 

0.1 



0.2 

0.1 

mA 

A or B input 

IlH 

S or G input 

V CC =MAX, V|=2.7V 



40 



40 

mA 

A or B input 



20 



20 

IlL 

S or G input 

V CC =MAX, V,=0.4V 



-0.8 



-0.8 

mA 

A or B input 



-0.4 



-0.4 

lost 

V CC =MAX 

-15 


-85 

-15 


-85 

mA 

! cctt 

v C c=max 

25LS157 


9.7 

16 


9.7 

16 

mA 

25LS158 


4.8 

8 


4.8 

8 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

* * All typical values are at Vq C = 5 V, T A = 25° C. 
tNot more than one output should be shorted at a time, 
tt Ice ‘ s measured with 4.5V applied to all inputs and all outputs open. 


Switching Characteristics, V cc = 5V, T A = + 25°C 


Parameter 

From 

(input) 

To 

(output) 

+25°C 

Unit 

Min | Typ | Max 

Test Conditions: C L = 15pF, R L = 2kft (See Fig. A, page 2-174) | 

tpLH 

25LS157 

Data 

Y-, 


5 

10 

ns 

tpLH 


7 

12 

t PLH 

25LS158 

Data 

Yj 


7 

12 

ns 

fPLH 


5 

10 

tPLH 

25LS157 

Strobe 

Yj 


13 

20 

ns 

tPLH 


8 

16 

x PLH 

25LS158 

Strobe 

Yj 


8 

12 

ns 

fPLH 


12 

17 

t PLH 

25LS157 

Select 

Yj 


10 

20 

ns 

x PLH 


11 

20 

t PLH 

25LS158 

Select 

Yj 


11 

20 

ns 

x PLH 


10 

20 


fjRAYTHEOljj 
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25LS160 25LS162 


Synchronous BCD Decade Counters 
Synchronous 4-Bit Binary Counters 


25LS161 25LS163 


FEATURES 

■ 4-bit synchronous counters 

■ Synchronously programmable 

■ internal look-ahead counting 

■ Carry output for n-bit cascading 

■ Synchronous or asynchronous clear 

■ Advanced low-power Schottky technology 

■ 100% reliability assurance testing in compliance with 
MIL-STD-883 

■ Higher speed compared to 9LS/54LS and 9LS/74LS 

■ 8mA sink current over full military temperature 
range 

■ 50mV improved Vql compared to 9LS/74LS 

■ 440/iA source current 


DESCRIPTION 

The 25 LSI 60, 25LS161, 25LS162 and 25LS163 synchro- 
nous, presettable counts have internal look-ahead carry and 
ripple carry output for high-speed counting applications. 
The 25LS160 and 25LS162 are decade counters and the 
25LS161 and 25LS163 are 4-bit binary counters. Counting 
or loading occurs on the positive transition of the clock 
pulse. A LOW level on the load input causes the data on the 
A, B, C and D inputs to be shifted to the appropriate Q 
outputs on the next positive clock transition. 

The 25LS160 and 25LS161 feature an asynchronous clear. 
A LOW level at the clear input sets the Q outputs LOW re- 
gardless of the other inputs. The 25LS162 and 25LS163 
have a synchronous clear. A LOW level at the clear input 
sets the Q outputs LOW after the next positive clock tran- 
sition regardless of the enable inputs. 


PIN-OUT DIAGRAM 


w L.L CCuo UB U[j I lua 

OH Up GjD OjD ED OT) 030 


RIPPLE Q A 
CARRY 

Qb Qc QoENABLE 

OUTPUT 

T 

CLEAR 

LOAD 


ENABLE 

-3L* 

B C 0 p 


□0000000 
CLEAR CK V A B C D , p GIMD 
7 ENABLE 
DATA INPUTS 



2 3 4 5 6 

Die Size .070 x .1 18 — all 4 types 


Both count-enable inputs P and T must be HIGH to count. 
Count enable T is included in the ripple carry output gate 
for cascading connection. 


^RAYTHEON^ 
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Synchronous BCD Decade Counters 
Synchronous 4-Bit Binary Counters 


25LS160 25LS162 


25LS161 25LS163 


LOGIC DIAGRAMS 


25LS160 

Synchronous Decade Counter 



25LS162 synchronous decade counters are similar; how- 
ever, the clear is synchronous as shown for the 25LS163 
binary counters. 


25LS163 SYNCHRONOUS 
BINARY COUNTER 



25LS161 synchronous binary counters are similar; however, 
the clear is asynchronous as shown for the 25LS160 decade 
counters. 
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25LSI60 25LSI62 Synchronous BCD Decade Counters 

25LS161 25LS163 Synchronous 4-Bit Binary Counters 


Recommended Operating Conditions 



Military 

Commercial 

Unit 

Min 

Nom 

Max 

Min 

Nom 

Max 

Supply voltage, Vcc 

4.5 

5 

5.5 

4.75 

5 

5.25 

V 

High-level output current, Iqh 



-440 



-440 

/xA 

Low-level output current, Iql 

4 


8 

4 


8 

mA 

Operating free-air temperature, Ta 

-5.5 


125 

0 - 


70 

a c 


Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted) 


Parameter 

Test Conditions* 

Military 

Commercial 

Unit 

Min 

Typ** 

Max 

Min 

Typ** 

Max 

V , H 


2 



2 



V 

V|L 




0.7 



0.8 

V 

V| 

V C c=MIN, 1 1 = - 1 8mA 



-1.5 



-1.5 

V 

Vqh 

V CC = MIN, V|h=2V, 

V|L=V|L m ax, lQH = ~440juA 

2.5 

3.4 


2.7 

3.4 


V 

_i 

o 

> 

V CC =MIN, V|h=2V, 

V|L=V|L max , 

loL = 4mA 


0.25 

0.40 


0.25 

0.40 

V 

l 0 L = 8mA 


0.35 

0.45 


0.35 

0.45 

ll 

Data or enable P 

V C c = MAX, V|=7V 



0.1 



0.1 

mA 

Load, clock, or 

enable T 



0.2 



0.2 

Clear (LS160,161 



0.1 



0.1 

Clear (LSI 62,1 63 



0.2 



0.2 

IlH 

Data or enable P 

V C c=MAX, V|=2.7V 



20 



20 

m a 

Load, clock, or 

enable T 



40 



40 

Clear (LSI 60,1 61 ! 



20 



20 

Clear (LSI 62,1 63) 



40 



40 

l. L 

Data or enable P 

V cc =MAX V.=0-4V 



-0.4 



-0.4 

nr* A 

Load, clock, or 

enable T 



-0 8 



-0.8 

Clear (LSI 60,1 61) 



-0.4 



-0.4 

Clear(LS162,163) 



-0.8 



-0.8 

•ost 

V C c=MAX 

-15 


-85 

-15 


-85 

mA 

! CCH 

V C c=MAX, See Note 1 


18 

31 


18 

31 

mA 

>CCL 

V C c=MAX, See Note 2 


19 

32 


19 

32 

mA 


*For conditions shown as MIN or MAX, use the appropriate value specified under recomrtiended operating conditions for the applicable 
device type. '5 

**AII typical values are at V cc = 5V, Ta = 25° C. 

tNot more than one output should be shorted at a time. 

NOTES: 

1 . IcCH i s measured with the load input high, then again with the load input low, with all other inputs high and all outputs open. 

2. ICCL is measured with the clock input high, then again with the clock input low, with all other inputs low and all outputs open. 


^AYTHEON^ 
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Synchronous 4-Bit Binary Counters 
Synchronous BCD Decade Counters 


25LS160 25LS162 


25LS161 25LS163 


Switching Characteristics, V cc = 5V, T A = + 25°C 



From 

To 

+25° C 


Parameters 

(Inputs) 

(Outputs) 

Min 

Typ 

Max 

Unit 

Test Conditions: C L = 15pF, R L 

= 2ktt (see Fig. A on page 2-174) 


tpLH 

Clock 

Carry 


25 

35 

ns 

l PHL 


20 

35 

*PLH 

Clock (Load 

Q 


10 

18 

ns 

*PHL 

Input High) 



15 

20 

t PLH 

Clock (Load 



10 

18 

ns 

l PHL 

Input Low) 



14 

20 

tpLH 

Enable T 

Carry 


15 

20 

ns 

*PHL 


9 

14 

*PHL 

Clear 

(Note 1) 

Q 


14 

28 

ns 

*pvy 

Pulse Width 

Clock 

25 



ns 

Clear 

20 





Data A,B,C,D 

20 






ENABLE P 

20 




l s 

Set up time 

Load, 

Enable T 

20 



ns 



Clear (Note 2) 

20 




*h 

Hold time 

Any input 

3 



ns 

*max 

Maximum Frequency 

30 

40 


MHz 


NOTES: 

1. Measured from clear input on 25LS160 and 25LS161. Measured from clock input on 25LS162 
and 25LS163. 

2. Applies to 25LS162 and 25LS163 only. 
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25LS160 25LS162 


Synchronous BCD Decade Counters 
Synchronous 4-Bit Binary Counters 


25LS161 25LS163 


CLEAR _ 
25LS160 
CLEAR - 
25LS162 

LOAD 


TYPICAL CLEAR, PRESET, COUNT, AND INHIBIT SEQUENCES 
U (AYNSCHRONOUS) 

i 

'Ll! (SYNCHRONOUS) 


fA _r 


DATA J 
INPUTS | 


Bj 

C J 


U. 

CLOCK 

25LS160 

CLOCK 

25LS162 


. i— — _ — — — — 

I _ - 

1 cz zzz 

I 

1 cz ZZZZ_Z 

I __ 

I I — 



CLEAR PRESET 


25LS160, 25 LSI 62 

Illustrated below is the following sequence: 

1 . Clear outputs to zero 

2. Preset to BCD seven 

3. Count to eight, nine, zero, one, two, and three 

4. Inhibit 


CLEAR 

25LS161 U (ASYNCHRONOUS) 

CLEAR 1 ! 

25LS163 (SYNCHRONOUS) 


LOAD 


DATA 

INPUTS 



J 1 

J J. 


l D - 1 

CLOCK 

25LS161 
CLOCK 
25LS163 
ENABLE P 


i 


ENABLE T 



OUTPUTS < 


°C z Z ~! j 1 j 

I q dZZZ! i I I 

k I j 

RIPPLE CARRY j | | [ 

OUTPUT ;12 13 14 15 0 1 2! 

I I h COUNT + INHIBIT 

CLEAR PRESET 


25LS161, 25LS163 

Illustrated below is the following sequence: 

1 . Clear outputs to zero 

2. Preset to binary twelve 

3. Count to thirteen; fourteen fifteen, zero, 
one, and two 

4. Inhibit 
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Synchronous BCD Decade Counters 
Synchronous 4-Bit Binary Counters 


25LS160 25LS162 


25LS161 25LS163 


FIGURE 1 

PARAMETER MEASUREMENT INFORMATION 


!• (clock) 



3V 

OV 

VOH 

v OL 

v OH 

v OL 

VOH 

VOL 

VOH 

VOL 

v OH 

VOL 


VOLTAGE WAVEFORMS 

NOTES: 

A. The input pulses are supplied by a generator having the following characteristics: PRR < MHz, duty cycle < 50%, Z out » 50S7: 
t r < 1 5 ns, tf < 6 ns. Vary PRR to measure f max . 

B. Outputs Qd and carry are tested at t n +i q 25LS162, and at t n +16 for 25LS 163 where t n is the bit time when all outputs are low. 
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25LS160 25LS162 


Synchronous BCD Decade Counters 
Synchronous 4-Bit Binary Counters 


25LS161 25LS163 


FIGURE 2 


PARAMETER MEASUREMENT INFORMATION 



NOTES: 

A. The input pulses are supplied by generators having the following characteristics: PRR < 1 MHz, duty cycle < 50%, Z ou t » 5012; 
t r < 1 5 ns, tf < 6 ns. 

B. Enable P and enable T setup times are measured at t n = 0. 
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Synchronous BCD Decade Counters 
Synchronous 4-Bit Binary Counters 


25LS160 25LS162 


25LS161 25LS163 


TYPICAL APPLICATION DATA 

N-BIT SYNCHRONOUS COUNTERS 


This application demonstrates how the look-ahead carry circuit can be used to implement a high-speed n-bit counter. The 
25LS160 or 25LS162 will count in BCD and the 25LS163 will count in binary. Virtually any count mode (modulo-N, N-|-to 
N2, Ni-to-maximum) can be used with this fast look-ahead circuit. 



TO MORE 
{►SIGNIFICANT 
STAGES 
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25LS170 


4-By-4 Register Files with 
Open-Collector Outputs 


FEATURES 

■ Separate Read/Write Addressing Permits Simultaneous 
Reading and Writing 

■ Fast Access Times . . . Typically 20 ns 

■ Organized as 4 Words of 4 Bits 

■ Expandable to 1024 Words of n-Bits 

■ For Use as: 

Scratch-Pad Memory 

Buffer Storage between Processors 

Bit Storage in Fast Multiplication Designs 

■ Open-Collector Outputs with Low Maximum Off-State 
Current: 20 p.A 

DESCRIPTION 

The 25LS170 MSI 16-bit TTL register files incorporate the 
equivalent of 98 gates. The register file is organized as 4 
words of 4 bits each and separate on-chip decoding is pro- 
vided for addressing the four word locations to either write- 
in or retrieve data. This permits simultaneous writing into 
one location and reading from another word location. 

Four data inputs are available which are used to supply the 
4-bit word to be stored. Location of the word is determined 
by the write-address inputs A and B in conjunction with a 
write-enable signal. Data applied at the inputs should be in 
its true form. That is, if a high-level signal is desired from 
the output, a high level is applied at the data input for that 
particular bit iocation. The latch inputs are arranged so that 
new data will be accepted only if both internal address gate 
inputs are high. When this condition exists, data at the D 
input is transferred to the latch output. When the write- 
enable input, G vy, is high, the data inputs are inhibited and 
their levels can cause no change in the information stored in 
the internal latches. When Lhe reau-enabie inpux, Gr, is 
high, the data outputs are inhibited and remain high. 


The individual address lines permit direct acquisition of 
data stored in any four of the latches. Four individual de- 
coding gates are used to complete the address for reading a 
word. When the read address is made in conjunction with 
the read-enable signal, the word appears at the four outputs. 

This arrangement— data-entry addressing separate from data- 
read addressing and individual sense line— eliminates re- 
covery times, permits simultaneous reading and writing, 
and is limited in speed only by the write time (30 nano- 
seconds typical) and the read time (25 nanoseconds typical). 
The register file has a nondestructive readout in that data is 
not lost when addressed. 

All inputs except the read enable and write enable of the 
25LS1 70 are buffered to lower the drive requirements to one 
Series 54LS/74LS standard load, respectively, input-clamp- 


PIN-OUT DIAGRAM 
25LS170 


WRITE SELECT ENABLE OUTPUTS 
Vcc D1 Wa Wb WRITE READ Q1 Q2 

Op Op Ep [jp N [jp Op 


D1 

w A 

w B 

Gw 

Gr 

Q1 

D2 





Q2 

D3 

D4 

Rb 

r a 

Q4 

Q3 


00000000 
D2 D3 D4 Rb RA Q4 Q3 GND 

"data" 


READ OUTPUTS 
SELECT 


12 11 10 9 8 7 6 5 



Die Size: .090 x .068 


ing diodes minimize switching transients to simplify system 
design. High-speed, double-ended AND-OR-INVERT gates 
are employed for the read-address function and drive high- 
sink-current, open-collector outputs. Up to 256 of these 
outputs may be wire-AND connected for increasing the 
capacity up to 1024 words, Any number of these registers 
may be paralleled to provide n-bit word length. 
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4 -By-R Register Files with 

Open-Collector Outputs 25LS170 


LOGIC 

WRITE FUNCTION TABLE (SEE NOTES A, B, AND C). READ FUNCTION TABLE (SEE NOTES A AND D) 


WRITE INPUTS 

WORD j 

W B 

W A 

G W 

0 

i 

2 

3 

L 

L 

L 

Q = D 

Qo 

Qo 

Qo 

L 

H 

L 

Qo 

Q = D 

Qo 

Q o 

H 

L 

L 

Qo 

Qo 

Q = D 

Q o 

H 

H 

L 

Qo 

Qo 

Qo 

Q = D 

X 

X 

H 

Qo 

Q o 

Qo 

Qo 


READ INPUTS 

OUTPUTS 1 

Rb 

Ra 

Gr 

Q1 

Q2 

03 

04 

L 

L 

L 

W0B1 

W0B2 

W0B3 

W0B4 

L 

H 

L 

W1B1 

W1B2 

W1B3 

W1B4 

H 

L 

L 

W2B1 

W2B2 

W2B3 

W2B4 

H 

H 

L 

W3B1 

W3B2 

W3B3 

W3B4 

X 

X 

H 

H 

H 

H 

H 


NOTES: A. H = high level, L = low level, X = irrelevant. 

B. (Q = D) = The four selected internal flip-flop outputs will assume the states applied to the four external data inputs. 

C. Qq = the level of Q before the indicated input conditions were established. 

D. W0B1 = The first bit of word 0, etc. 

FUMCTIONAL BLOCK DIAGRAM 


DATA 

INPUTS 



WRITE INPUT 


READ INPUT 


OUTPUTS 
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25LS170 


4-By-R Register Files with 
Open-Collector Outputs 


Recommended Operating Conditions 



Military 

Commercial 

Unit 

Min. 

Nom. 

Max. 

Min. 

Nom. 

Max. 

Supply voltage, Vqq 

4.5 

5 

5.5 

4.75 

5 

5.25 

V 

High-level output voltage, Vqh 



5.5 



5.5 

V 

Low-level output current, Iql 

4 


8 

4 


8 

mA 

Width of write-enable or read-enable pulse, t w 

25 



25 



ns 

Setup times, high- or low-level data 

Data input with respect to 
write enable, t su (Q) 

10 



10 



ns 

Write select with respect to 
write enable, t su (w) 

15 



15 



ns 

Hold times, high- or low-level data 

(see Note 2 and Figure 2) 

Data input with respect to 
write enable, t^(D) 

15 



15 



ns 

Write select with respect to 
write enable, t^(w) 

5 



5 



ns 

Latch time for new data, t| a1;c h (see Note 3) 

25 



25 



ns 

Operating free-air temperature range, T/^ 

-55 


125 

0 


70 

°C 


NOTES: 2. Write-select setup time will protect the data written into the previous address. If protection of data in the previous address is 
not required, t su (w) can be ignored as any address selection sustained for the final 30 ns of the write-enable pulse and during 
th(w) will result in data being written into that location. Depending on the duration of the input conditions, one or a number 
of previous addresses may have been written into. 

3. Latch time is the time allowed for the internal output of the latch to assume the state of new data. See Figure 2. This is im- 
portant only when attempting to read from a location immediately after that location has received new data. 


Electrical Characteristics Over Recommended Operating Free-Air Temp. Range 
(Unless Otherwise Noted) 


Parameter 

— 

Test Conditions^ 

Military 

Commercial 

Unit 

Min. 

Typ* 

Max. 

Min. 

Typ* 

Max. 

Vjh High-level input voltage 


2 



2 



V 

V|[_ Low-level input voltage 




n 7 



0.8 

V 

V|« Input clamp voltage 

Vqc^MIN, 1 j = -18 mA 



-1.5 



-1.5 

V 

IqH High-level output current 

VcC = MIN, Vqh = 5.5V, 

V| l = V| L max, V| r = 2V 



20 



20 

mA 

Vql Low-level output voltage 

Vqc = MIN, 

V,h = 2V, 

V|l = V| l max 

IqL = 4 mA 


0.25 

0.4 


0.25 

0.4 

V 

|ql = 8 mA 





0.35 

0.5 

Input current at 

'1 

maximum input voltage 

Any D, R, or W 

Vcc = MAX, v l = 7V 



0.1 



0.1 

mA 

Gr or G \j\j 



0.2 



0.2 

l|H High-level input current 

Any D, R, or W 

Vqc = MAX, v l = 2.7V 



20 



20 

mA 

Gr or G \/\i 



40 



40 

1 1 1 _ Low-level input current 

Any D, R, or W 

V C C = MAX, V, = 0.4V 



-0.4 



-0.4 

mA 

Gr or Gyv 



-0.8 



-0.8 

Iqc Supply current 

V C C = MAX, See Note 6 


25 

40 


25 

40 

mA 


^For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

^All typical values are at Vqq = 5V, T/\ = 25°C. 

NOTE 4. Iqq is measured under the following worst-case conditions: 4.5 V is applied to all data inputs and both enable inputs, all ad- 
dress inputs are grounded, and all outputs are open. 
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4-By-R Register Files with 
Open-Collector Outputs 


25LS170 


Switching Characteristics, V cc = 5V Over Recommended Free-Air Temperature Range 



From 

To 


+25° C 


Unit 

Parameter 

(Input) 

(Output) 

Min 

Typ 

Max 



Test Conditions: C L = 15pF, R u 

= 2kil (See Fig. 1, page 3-41 and Fig. B, page 2-174) 

Vlh 

Read 

Any Q 


20 

30 

ns 

t PHL 

enable 


20 

30 

t PLH 

Read 

Any Q 

25 

40 


ns 

tpHL 

select 


24 

40 

l PLH 

Write 

Any Q 


30 

45 

ns 

Vhl 

enable 


26 

40 

t PLH 

Data 

Any Q 


30 

45 

ns 

l PHL 


22 

35 


PARAMETER MEASUREMENT INFORMATION 





FIGURE 1 FIGURE 2 


NOTES: 


A. High-level input pulses at the select and data inputs are illustrated in Figure 1; however, times associated with low-level pulses 
are measured from the same reference points. 

B. When measuring delay times from a read-select input, the read-enable input is low. When measuring delay times from the 
read-enable input, both read-select inputs have been established at steady states. 

C. In Figure 2, each select address is tested. Prior to the start of each of the above tests, both write and read address inputs are 
stabilized with W/\ = R and Wg = Rb- During the test Gp is low. 

D. Input waveforms are supplied by generators having the following characteristics: PRR < 1 MHz, Z ou t ** 50 £2, duty cycle < 
50% t r < 1 5 ns and tf < 6 ns for . 

D. V re f = 1.3 V. 
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25LS174 


Hex D-Type Flip-Flops With Clear 
Quadruple D-Type Flip-Flops With Clear 


25LS175 


FEATURES 

■ Positive edge-triggered common clock 

■ Asynchronous common reset 

■ Clock-to-output delays of 14 ns 

■ Higher speed compared to 9LS/54LS and 9LS/74LS 

■ 8mA sink current over full military temperature 
range 

■ 50mV improved Vql compared to 9LS/74LS 

■ 440jizA source current 

■ 100% reliability assurance testing in compliance with 
MIL-STD-883. 

DESCRIPTION 

The 25LS174 is a six-bit register with single-rail outputs 
and the 25LS175 is a four-bit register with complementary 
outputs. Both consist of D-type flip-flops with a buffered 
common clock and an asynchronous, active- Low buffered 
clear. 

Information at the D inputs meeting the setup time re- 
quirements is transferred to the Q outputs on the positive- 
going edge of the clock pulse. Clock triggering occurs at a 
particular voltage level and is not directly related to the 
transition time of the positive-going pulse. When the clock 
input is at either the high or low level, the D input signal 
has no effect at the output. 

FUNCTION TABLE (EACH FLIP-FLOP) 


INPUTS 

OUTPUTS 

CLEAR CLOCK D 

0 

01 

L X X 

H t H 

H t L 

H L X 

L H 

H L 

L H 

Qq Qq 


H = high level (steady state) 
L = low level (steadv state) 
X = irrelevant 


PIN-OUT DIAGRAMS 


25LS174 



CLR IQ ID 2D 2Q 3D 3Q GND 


15 14 13 12 11 10 



25LS175 


15 14 13 12 11 10 



2 3 4 5 6 


Die Size .056 x .085 


Vcc 4Q 4Q 4D 3D 3Q 3Q CK 

®Ii]0[j3]O2][]3E3[9] 


rr 

1 


I 

n 

1e 

3 



3 - 


LU LUU] [|] HIH SHI 

CLR IQ IQ ID 2D 2Q 2Q GND 


t = transition from iow to high level 
Qq = the level of Q before the indicated steady state 
input conditions were established. 

t= 25 LSI 75 only 

ID 


LOGIC DIAGRAMS 
25LS174 

3D 



25LS175 


CLOCK 


Hx> 


_ CK D 

fC CLEAR rC CLEAR fM 

i— f ni ijj] 

*3 I 2 1617 


CK D 
CLEAR 
Q Q 


[3 I 2 

IQ IQ 


6 I 7 
2Q 2Q 


[11 110 

3Q 3Q 


“£> 

13 

CK 

D 

CLEAR 


Q 

Q 

1 14 

L 

4Q 

4Q 
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Hex D-Type Flip-Flops With Clear 
Quadruple D-Type Flip-Flops With Clear 


25LS174 


25LS175 


Recommended Operating Conditions 



Military 

Commercial 

Unit 

Min 

Nom 

Max 

Min 

Nom 

Max 

Supply voltage, Vqc 

4.5 

5 

5.5 

4.75 

5 

5.25 

V 

High-level output current, Iqh 



-440 



-440 

mA 

Low-level output current, Iql 

4 


8 

4 


8 

mA 

Clock frequency, f c | 0c k 

0 


35 

.0 


35 

MHz 

Width of clock pulse, t w (Low) 

15 



15 



ns 

Width of clear pulse, t w (Low) 

20 



20 



ns 

Setup time 

Data input tse tuD 

10 



10 



ns 

Clear recovery, t rec 

12 



12 



ns 

Data hold time, thold 

5 



5 



ns 

Operating free-air temperature, 

-55 


125 

0 


70 

°C 


t se tup ' s the minimum time required for the correct logic level to be present at the data input prior to the rising edge of the clock in order to 
be recognized and transferred to the output. 

thold ' s the minimum time required for the logic level to be maintained at the data input after the rising edge of the clock in order to insure 
recognition. 

t r ec ' s minimum time required between the end of the clear pulse and the rising edge of the clock in order to transfer High data to the Q 
output. 


Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted) 


Parameter 

Test Conditions* 

Military 

Commercial 

Unit 

Min 

Typ** 

Max 

Min 

Typ** 

Max 

V| H 


2 



2 



V 

VlL 




0.7 



0.8 

V 

V| 

V cc =MIN, l| = ~18mA 



-1.5 



-1.5 

V 

V OH 

V cc =MIN, V ih = 2V, V,=V m orV| L 

V|L = V||_max, Ioh = - 440/zA 

2.5 

3.4 


2.7 

3.4 


V 

O 

> 

Vcc-MIN, Vj H =2V, 

V|L=V| L max V|=V|HorV|i_ 

Iol = 4itiA 


0.25 

0.40 



0.40 

V 

loL = ^ m A 


0.35 

0.45 



0.45 

l| 

V CC =MAX, V|=7V 



0.1 



0.1 

mA 

IlH 

V CC =MAX, V,=2.7V 



20 



20 

/jlA 

'it 

V C c = MAX, V,=0.4V 



-0.36 



-0.36 

mA 

•os 1 " 

V C c=MAX 

-15 


-85 

-15 


-85 

mA 

, CC tf 

V CC = MAX 

25LS174 


16 

26 


16 

26 

mA 

25LS175 


11 

18 


11 

18 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

**AII typical values are at V^c = 5V, = 25° C. 

+ Not more than one output should be shorted at a time. 

ttWith all outputs open and 4.5V applied to all data and clear inputs, Iqc is measured, after a momentary ground, then 4.5V is 
applied to clock. 


Switching Characteristics, Vp C = 5V Over Recommended Free-Air Temperature Range 


Parameter 

From 

(input) 

To 

(output) 

+ 25°C 

Unit 

Min | Typ | Max 

Test Conditions: C L = 15pF, R L = 2kfl (See Fig. A, page 2-174) ] 

f max 



35 

45 


MHz 

*PLH (LSI 75 only) 

Clear 

Q 


19 

25 

ns 

tpHL 

Clear 

Q 


20 

35 

ns 

tPLH 

Clock 

Q 


14 

23 

ns 

tPHL 

Clock 

Q 


13 

20 

ns 
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25LS181 


4-Bit Arithmetic Logic Unit 


FEATURES 

■ Provides 16 arithmetic operations 

■ Provides 16 logic operations 

■ Full look-ahead for high-speed arithmetic operation 
on long words 

■ Higher speed compared to 9LS/54LS and 9LS/74LS 

■ 8mA sink current over full military temperature 
range 

■ 50mV improved Vql compared to 9LS/74LS 

■ 440/xA source current 

■ 100% reliability assurance testing in compliance with 
MIL-STD-883. 

DESCRIPTION 

The 25LS181 is an arithmetic logic unit (ALU)/function 
generator which has a complexity of 75 equivalent gates on 
a monolithic chip. This circuit performs 16 binary arithme- 
tic operations on two 4-bit words as shown in Tables 1 and 
2. These operations are selected by the four function-select 
lines (SO, SI, S2, S3) and include addition, subtraction, de- 
crement, and straight transfer. When performing arithmetic 
manipulations, the internal carries must be enabled by 
applying a low-level voltage to the mode control input (M). 
A full carry look-ahead scheme is made available in these 
devices for fast, simultaneous carry generation by means of 
two cascade-outputs (pins 15 and 17) for the four bits in 
the package. When used in conjunction with the 182, full 
carry ahead look-ahead circuits, high-speed arithmetic 
operations can be performed. 

If high speed is not of importance, a ripple-carry input 
(C n ) and a ripple-carry output (C n + 4 ) are available. 
However, the ripple-carry delay has also been minimized so 
that arithmetic manipulations for small word lengths 
can be performed without external circuitry. 


The 25LS181 will accommodate active-high or active-low 
data if the pin designations are interpreted as follows: 
Subtraction is accomplished by 1's complement addition 
where the 1's complement of the subtrahend is generated 
internally. The resultant output is A-B-1 which requires an 
end-around or forced carry to provide A-B. 

The 25LS181 can also be utilized as a comparator. The 
A = B output is internally decoded from the function outputs 
(F0, FI, F2, F3) so that when two words of equal magni- 
tude are applied at the A and B inputs, it will assume a high 
level to indicate equality (A = B). The ALU should be in 
the subtract mode with C n = H when performing this com- 
parison. The A = B output is open-collector so that it can 
be wire-AND connected to give a comparison for more than 
four bits. The carry output (C n+ 4 ) can also be used to 
supply relative magnitude information. Again, the ALU 
should be placed in the subtract mode by placing the 
function select inputs, S3, S2, SI, SO at L, H, H, L, 
respectively. 


INPUT C n 

OUTPUT C n+4 

ACTIVE HIGH DATA 

(FIGURE 1) 

ACTIVE-LOW DATA 

(FIGURE 2) 

H 

H 

A < B 

A > B 

H 

L 

A > B 

A < B 

L 

H 

A < B 

A > B 

L 

L 

A B 

A<B 


These circuits have been designed to not only incorporate 
all of the designer's requirements for arithmetic operations, 
but also provide 16 possible functions of two Boolean vari- 
ables without the use of external circuitry. These logic 
functions are selected by use of the four function-select 
inputs (SO, SI, S2, S3) with the mode-control input (M) 
at a high level to disable the internal carry. The 16 logic 
functions are detailed in Tables 1 and 2 and include 
exclusive-OR, NAND, AND, NOR, and OR functions. 


PIN NUMBER 

2 

1 

23 

22 

21 

20 

19 

18 

9 

10 

11 

13 

7 

16 

15 

17 

Active-high data (Table 1) 

AO 

BO 

Al 

Bl 

a 2 

B2 

A3 

B3 

F 0 

F 1 

f 2 

F3 

C n 

Cn+4 

X 

Y 

Active-low data (Table 2) 

AO 

Bo 

Al 

B 1 

A2 

b 2 

A3 

b 3 

F 0 

F i 

^2 

^3 

C n 

Cn+4 

F 

G 


PIN-OUT DIAGRAM 
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4-Bit Arithmetic Logic Unit 


25LS181 


ALU SIGNAL DESIGNATIONS 

The 25LS181 can be used with the signal designations of either Figure 1 or Figure 2 

The logic functions and arithmetic operations obtained with signal designations as in Figure 1 are given in Table 1; those 
obtained with the signal designations of Figure 2 are given in Table 2. 

(2) (1) (23) (22) (21M20) (19)(18) (2) (1) (23) (22) (21) (20) (19) (18) 



FIGURE 1 FIGURE 2 

(FOR TABLED (FOR TABLE 2) 


TABLE 1 


SELECTION 

S3 S2 St So 

ACTIVE HIGH DATA j 

M - H 

M = L; ARITHMETIC OPERATIONS 1 

LOGIC 

FUNCTIONS 

C n = H 

(no carry) 

C n = L 

L L L L 

F = A 

F = A 

F = A PLUS 1 

L L L H 

F = A + B 

F = A + 8 

F = (A + B) PLUS 1 

L L H L 

F = SB 

F = A + B 

f = (A + B) plus i 

L L H H 

F = 0 

F = MINUS 1 (2's COMPL) 

F = ZERO 

L H L L 

F = SB 

F = A PLUS AS 

F = A PLUS AB PLUS 1 

L H L H 

F -B 

F = (A + 8) PLUS AB 

F = (A + B) PLUS AB PLUS 1 

L H H L 

F = A© B 

F = A MINUS B MINUS 1 

F = A MINUS B 

L H H H 

F ’ AS 

F = AB MINUS 1 

F = AB 

H L L L 

F = S + B 

F = A PLUS AB 

F = A PLUS AB PLUS 1 

H L L H 

F = A(?jB 

F = A PLUS B 

F = A PLUS B PLUS 1 

H L H L 

F = B 

F = (A + B) PLUS AB 

F = (A + B) PLUS AB PLUS 1 

H L H H 

F * AB 

F = AB MINUS 1 

F = AB 

H H L L 

F = 1 

F = A PLUS A* 

F = A PLUS A PLUS 1 

X 

I 

I 

F = A + B 

F = (A + B> PLUS A 

F = (A + B) PLUS A PLUS 1 

H H H L 

F = A + B 

F = (A + B) PLUS A 

F = (A + B) PLUS A PLUS 1 

X 

I 

X 

X 

F = A 

F = A MINUS 1 

F = A 


*Each bit is shifted to the next more significant position. 


TABLE 2 


SELECTION 

S3 S2 Si So 

ACTIVE LOW DATA ] 

M = H 

M = L; ARITHMETIC OPERATIONS 

LOGIC 

FUNCTIONS 

C n =*- 

(with carry) 

C n = H 
(with carry) 

L L L L 

F • A 

F A MINUS 1 

F - A 

L L L H 

F AB 

F - AB MINUS 1 

F - AB 

L L H L 

F A + B 

F = aB MINUS 1 

F AB 

L L H H 

F -- 1 

F - MINUS 1 (2's COMP) 

F = ZERO 

L H L L 

F = A ♦ B 

F - A PLUS (A + B) 

F = A PLUS IA + B) PLUS 1 

L H L H 

F = 8 

F -- AB PLUS (A + B) 

F = AB PLUS (A + B) PLUS 1 

L H H L 

F = A^B 

F = A MINUS B MINUS 1 

F = A MINUS B 

L H H H 

F - A + B 

F -- A + B 

F = (A + B) PLUS 1 

H L L L 

F = AB 

F = A PLUS (A + B) 

F = A PLUS (A + B) PLUS 1 

H L L H 

F = A © B 

F = A PLUS B 

F = A PLUS B PLUS 1 

H L H L 

F = B 

F = aB PLUS (A + B) 

F = AB PLUS (A + B) PLUS 1 

I 

X 

X 

F = A - B 

F - A + B 

F = (A + B) PLUS 1 

H H L L 

F = 0 

F = A PLUS A* 

F = A PLUS A PLUS 1 

X 

X 

X 

F = AB 

F = AB PLUS A 

F = AB PLUS A PLUS 1 

H H H L 

F = AB 

F = AB PLUS A 

F = aB PLUS A PLUS 1 

X 

X 

X 

X 

F = A 

F = A 

F = A PLUS 1 
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4-Bit Arithmetic Logic Unit 
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3-46 


^RAYTHEON^ 



4-Bit Arithmetic Logic Unit 


25LS181 


Recommended Operating Conditions 



Military 

Commercial 

Unit 

Min 

Nom 

Max 

Min 

Nom 

Max 

Supply voltage, V c c 

4.5 

5 

5.5 

4.75 

5 

5.25 

V 

High-level output current, Iqh ( Al1 outputs except A = B) 



-440 



-440 

M A 

Low-level output current, Iol 

4 


8 

4 


8 

mA 

Operating free-air temperature, Ta 

-55 


125 

0 


70 

°C 


Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted) 



Test Conditions* 

Militar 

V 

Commercial 

Unit 



Min 

Typ** 

Max 

Min 

Typ** 

Max 

V |H 


2 



2 



V 

_V| L 




0.7 



0.8 

V 

V| 

V CC =MIN, l| = -18mA 



-1.5 



-1.5 

V 

V OH 

Any Output 
except A = B 

Vcc=MIN, V ih — 2V , 

V||_=V|Lmax, Ioh = -440/xA 

2.5 

3.4 


2.7 

3.4 


V 

>OH 

A = B 

Output only 

V CC =MIN, V|h=2V, 

V| L =V|Lmax, V|=Vm or V|l 



100 



100 

mA 


All outputs 

V cC = MIN, V|h=2V, 
V| L =V| L max V|=V| H orV| L 

loL = 4mA 



0.40 



0.40 


_i 

O 

> 

1 OL =8m A 



0.45 



0.45 

V 


Output G 

Iql =1 6mA(G) 



0.55 



0.55 



Mode input 





0.1 



0.1 


l| 

Any A or B 

input 

V CC =MAX, V| = 5.5V 




0.3 



0.3 

mA 


Any S input 





0.4 



0.4 



Carry input 





0.5 



0.5 



Mode input 





20 



20 


l|H 

Any A or B 

V CC =MAX, V|=2.7V 




60 



60 

mA 

Any S input 




80 



80 


Carry input 





100 



100 



Mode input 





-0.36 



-0.36 


IlL 

Any A or IT 
input 

V C c=MAX, V| = 0.5V 




-1.08 



-1.08 

mA 


Any S input 





-1.44 



-1.44 



Carry input 





-2 



-2 


los 1- I 

Any Output 
except A=B 

V CC =MAX 

-15 


-85 

-15 


-85 

mA 



lcc tt 

V CC =MAX 

Condition A 


20 

32 


20 

34 

mA 

Condition B 


21 

35 


21 

37 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

* * All typical values are at Vq c = 5 V, Ta = 25° C. 
tNot more than one output should be shorted at a time. 

ttWith outputs open, l^c is measured for the following conditions: 

A. SO through S3, M and A inputs are at 4.5V, all other inputs are grounded. 

B. SO through S3 and M are at 4.5V, all other inputs are grounded. 
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25LS181 


4-Bit Arithmetic Logic Unit 


+25°C 


Parameter H 

From 

(input) 

To 

(output) 

+25°C 

Min | Typ | Max 

Unit 

Test Conditions: C L = 15pF, R L = 2kH (See Fig. A, page 2-174) | 

tPLH 

Cn 

C n+4 


14 

25 

ns 

tpHL 


13 

14 

M = OV, SO = S3 = 4.5V, SI = S2 = OV (SUM mode) | 

*PLH 

Any A or B 

C n +4 


24 

33 

ns 

tpHL 


17 

31 

M = OV, SO = S3 = OV, SI = S2 = 4.5V (DIFF mode) | 

*PLH 

Any A or B 

Cn+4 


24 

35 

ns 

tPHL 


29 

35 

M = OV, (SUM or DIFF mode) | 

tPLH 

Cn 

Any F 


12 

19 

ns 

tPHL 


12 

18 

M = OV, SO = S3 = 4.5V, SI * S2 = OV (SUM mode) | 

tPLH 

Any A or B 

G 


12 

25 

ns 

*PHL 


15 

23 

; M = OV, SO = S3 = OV, SI = S2 = 4.5V (DIFF mode) ! 

tpLH 

Any A or B 

G 


20 

25 

ns 

tPHL 


17 

25 

M = OV, SO = S3 = 4.5V, SI = S2 = 4.5V (SUM mode) | 

tPLH 

Any A or B 

P 


14 

26 

ns 

tPHL 


20 

26 

| M = 0V, S0 = S3 = 0V,S1 =S2 = 4.5V (DIFF mode) | 

tPLH 

tPHL 

Any A or B 

P 


24 

30 

ns 


22 

26 

| M = OV, SO = S3 = 4.5V, SI = S2 = OV (SUM mode) | 

tPLH 

tPHL 

Aj or Bj 

Fj 


15 

28 

ns 


13 

19 

| M = OV, SO = S3 = OV, SI = S2 = 4.5V (DIFF mode) | 

tPLH 

A-, or Bj 

Fj 


24 

30 

ns 

. tPHL 


15 

19 

m - 4.5V (iogic mode) | 

tPLH 

tPHL 

Aj or Bj 

Fj 


17 

31 

ns 


15 

25 

| M = 0V,S0 = S3 = 0V,S1 =S2 = 4.5V (DIFF mode) j 

tPLH 

tpHL 

Any A or B 

OQ 

II 

< 


33 

50 

ns 


29 

45 


LOGIC MODE TEST TABLE 
FUNCTION INPUTS: SI = S2 = M = 4.5 V, SO - 


S3 = 0 V 


PARAMETER 

INPUT 

UNDER 

TEST 

OTHER INPUT 

SAME BIT 

OTHER DATA INPUTS 

OUTPUT 

UNDER 

TEST 

OUTPUT 

WAVEFORM 

APPLY 

4.5 V 

APPLY 

GND 

APPLY 

4.5 V 

APPLY 

GND 

^LH 

Aj 

Bj 

None 

None 

Remaining 

A and B, C n 

F i 

Out-of-Phase 

^HL 

t PLH 

Bj 

Aj 

None 

None 

Remaining 

A and B, C n 

F i 

Out-of-Phase 

Vhl 
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4-Bit Arithmetic Logic Unit 


25LS181 


SUM MODE TEST TABLE 


FUNCTION INPUTS: SO = S3 = 4.5 V, SI = S2 = M = 0 V 



INPUT 

OTHER INPUT 

SAME BIT 

OTHER DATA INPUTS 

OUTPUT 

OUTPUT 

PARAMETER 

UNDER 

TEST 



UNDER 

TEST 

WAVEFORM 

APPLY 

4.5 V 

APPLY 

GND 

APPLY 

4.5 V 

APPLY 

GND 

tPLH 

A 

Bj 

None 

Remaining 

c, 

F. 

In-Phase 

t PHL 


A and B 


r i 

t PLH 

Bj 

Aj 

None 

Remaining 

c 

F. 

In-Phase 

t PHL 

A and B 

u n 

r i 

. 

t PLH 

A- 

B j 

None 

None 

Remaining 

p 

In-Phase 

t PHL 


A and B, C n 


t PLH 

B i 

A: 

None 

None 

Remaining 

P 

In-Phase 

t PHL 

1 

A and B, C n 


t PLH 

Aj 

None 

B i 

Remaining 

Remaining 

G 

In-Phase 

t PHL 

B 

A, C n 


tPLH 

B i 

None 


Remaining 

Remaining 

G 

In-Phase 

tpHL 

Aj 

B 

A, C n 


tpLH 

c 

None 

None 

All 

All 

Any F 

In-Phase 

t PHL 

'-'n 

B 

B 

or c n+4 

t PLH 


None 

B i 

Remaining 

Remaining 

C , y. 

Out-of -Phase 

t PHL 

Aj 

B 

A, C n 

°n+4 

t PLH 

B i 

None 


Remaining 

Remaining 

C, , y, 

Out-of-Phase 

tPHL 

Aj 

B 

A,C n 

°n+4 


DIFF MODE TEST TABLE 

FUNCTION INPUTS: SI = S2 = 4.5 V, SO = S3 = M = 0 V 


PARAMETER 

INPUT 

UNDER 

TEST 

OTHER INPUT 

SAME BIT 

OTHER DATA INPUTS 

OUTPUT 

OUTPUT 

WAVEFORM 

APPLY 

4.5 V 

APPLY 

GND 

APPLY 

4.5 V 

APPLY 

GND 

UNDER 

TEST 

*PLH 

A- 

None 

Bj 

Remaining 

Remaining 

F i 

In-Phase 

t PHL 


A 

B,C n 

t PLH 

Bj 

Aj 

None 

Remaining 

Remaining 


Out-of-Phase 

*phl 

A 

B,C n 


Vlh 


None 

Bj 

None 

Remaining 


In-Phase 

l PHL 


A and B, C n 


*PLH 

Bj 


N 

None 

Remaining 


Out-of-Phase 

t PHL 

1 


A and B, C n 


t PLH 

Aj 

Bj 

None 

N 

Remaining 


In-Phase 

t PHL 


A and B, C n 

G 

t PLH 

Bj 

None 

A 

None 

Remaining 


Out-of-Phase 

t PHL 


Aj 

A and B, C n 

G 

Vlh 

Aj 

None 

Bj 

Remaining 

Remaining 

A = B 

In-Phase 

Vhl 

A 

B <c n 

t PLH 

Bj 

Aj 

None 

Remaining 

Remaining 

A = B 

Out-of-Phase 

Vhl 

A 

B,C n 

t PLH 

c 

None 

None 

All 

None 

C n+4 

In-Phase 

*PHL 

" 

A and B 

or any F 

t PLH 


Bj 

None 

None 

Remaining 


Out-of-Phase 

t PHL 

Aj 

A, B, C n f 

C n+4 

t PLH 

Bj 

None 


None 

Remaining 


In-Phase 

t PH L 

A i 

A,B,C n 

C n+4 
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25LS190 


Synchronous BCD Decade Up/Down Counter 
25LS191 Synchronous 4-Bit Binary Up/Down Counter 


FEATURES 

■ Single up/down count mode control line 

■ Asynchronous parallel load 

■ Coiyit enable, parallel load control inputs 

■ Cascadable 

■ Higher speed compared to 9LS/54LS and 9LS/74LS 

■ 8mA sink current over full military temperature 
range 

■ 50mV improved Vol compared to 9LS/74LS 

■ 440/iA source current 

■ 100% reliability assurance testing in compliance with 
MIL-STD-883 


DESCRIPTION 

The 25LS190 and 25LS191 are synchronous, reversible up/ 
down counters having a complexity of 58 equivalent gates. 
The 25LS191 is a 4-bit binary counter and the 25 LSI 90 is 
a BCD counter. Synchronous operation is provided by hav- 
ing all flip-flops clocked simultaneously so that the outputs 
change coincident with each other when so instructed by 
the steering logic. This mode of operation eliminates the 
output counting spikes normally associated with asynchro- 
nous (ripple clock) counters. 

The outputs of the four master-slave flip-flops are triggered 
on a low-to-high-level transition of the clock input if the 
enable input is low. A high at the enable input inhibits 
counting. Level changes at the enable and down/up inputs 
should be made only when the clock input is high. The 


direction of the count is determined by the level of the 
down/up input. When low, the counter counts up and 
when high, it counts down. 

These counters are fully programmable; that is, the outputs 
may be preset to either level by placing a low on the load 
input and entering the desired data at the data inputs. The 
output will change to agree with the data inputs indepen- 
dently of the level of the clock input. This feature allows 
the counters to be used as modulo-N dividers by simply 
modifying the count length with the preset inputs. 

The clock, down/up, and load inputs are buffered to 
lower the drive requirement which significantly reduces 
the number of clock drivers, etc., required for long parallel 
words. 

Two outputs have been made available to perform the 
cascading function: ripple clock and maximum/minimum 
count. The latter output produces a high-level output 
pulse with a duration approximately equal to one complete 
cycle of the clock when the counter overflows or under- 
flows. The ripple clock output produces a low-level output 
pulse equal in width to the low-level portion of the clock 
input when an overflow or underflow condition exists. 
The counters can be easily cascaded by feeding the ripple 
clock output to the enable input of the succeeding counter 
if parallel clocking is used, or to the clock input if parallel 
enabling is used. The maximum/minimum count output can 
be used to accomplish look-ahead for high-speed operation. 


PIN-OUT DIAGRAM 
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25LS190 


Synchronous BCD Decade Up/Down Counter 
Synchronous 4-Bit Binary Up/Down Counter 25LS191 


Recommended Operating Conditions 



Military 

Commercial 

Unit 

Min 

Nom 

Max 

Min 

Nom 

Max 

Supply voltage, Vqc 

4.5 

5 

5.5 

4.75 

5 

5.25 

V 

High-level output current, Iqh 



-440 



-440 

m a 

Low-level output current, Iql 

4 


8 

4 


8 

mA 

Input clock frequency, f c i 0 ck 

0 

mm 




mm 


Width of clock input pulse, ty^dock) 

25 

mm 





ns 

Width of load input pulse, t w (| 0ad ) 

25 

mm 





ns 

Data setup time, t setup (see Figures 1 and 2) 

12 



1HI 



mm 

Enable to clock setup time, t setU p 




20 



ns 

Data hold time, thoid 

0 



0 



ns 

Operating free-air temperature, Ta 

-55 


125 

0 


70 

°C 


Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted) 


Parameter 

Test Conditions* 

Military 

Commercial 

Unit 

Min 

Typ** 

Max 

Min 

Typ** 

Max 

V| H 


2 



2 



V 

V|L 




0.7 



0.8 

V 

V| 

V CC =M!N, lj = -18mA 



-1.5 



-1.5 

V 

V OH 

V CC =MIN, V|h=2V, 

ViL^ViQmax, lQH^-440/iA 

2.5 

3.4 


2.7 

3.4 


V 

_i 

O 

> 

V CC = M IN, V iH =2V, 

VlL=V|Lmax 

loL~^mA 


0.25 

0.40 


0.25 

0.40 

V 

loL = ^ m A 


0.30 

0.45 


0.30 

0.45 

l| 

Enable 

V CC =MAX, V | =7V 



0.3 



0.3 

mA 

Others 



0.1 



0.1 

•lH 

Enable 

Vqc-MAX, V|=2.7V 



60 



60 

UA 

Others 



20 



20 

IlL 

Enable 

Vqq^MAX, V|=0.4V 



-1.08 



-1.08 

mA 

Others 



-0.4 



-0.4 

! ost 

V cc =MAX 

-15 


-85 

-15 


-85 

mA 

'cctt 

V CC =MAX 


20 

35 


20 

35 

mA 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

* * All typical values are at Vqc = 5V, Ta = 25°C. 
tNot more than one output should be shorted at a time. 

ttlcc ' s measured with all inputs grounded and all outputs open. 








25LS190 


Synchronous BCD Decade Up/Down Counter 
25LS191 Synchronous 4-Bit Binary Up/Down Counter 


Switching Characteristics, V cc = T A = +25°C 





+25°C 

Unit 



Max 

Test Conditions: C L = 15pF, R L = 2k H (see Fig. 1 and 3 thru 7 on pages 3-56 and 3-57 
and Fig. A on page 2-174) 

fmax 




9 


MHz 

tPLH 

Load 

Qa,Qb»Qc»Qd 


9 


ns 

tpHL 



39 

tpLH 

Data A,B,C,D 

Qa,Qb/Qc»Qd 


mm 

mim 

ns 

tPHL 


29 

39 

tPLH 




11 

18 

ns 

tPHL 


■El 

mm 

tPLH 




mm 

21 

ns 

tPHL 




Vlh 

Clock 

Max/Min 




ns 

X PHL 




X PLH 

Down/Up 

Ripple Clock 


mm 


ns 

X PHL 


KM 


tPLH 

Down/Up 

Max/Min 


17 

33 

ns 

tPHL 


12 

33 

tPLH 

Enable 

Ripple Clock 


10 

19 

ns 

tPHL 


14 

27 
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25LS190 


Synchronous BCD Decade Up/Down Counter 
Synchronous 4-Bit Binary Up/Down Counter 25LS191 


LOGIC DIAGRAM 


25LS190 
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25LS190 Synchronous BCD Decade Up/Down Counter 

Synchronous 4-Bit Binary Up/Down Counter 


25LS191 





25LS190 


Synchronous BCD Decade Up/Down Counter 
Synchronous 4-Bit Binary Up/Down Counter 25LS191 


25LS190 TYPICAL LOAD, COUNT AND INHIBIT SEQUENCES 

Illustrated below is the following sequence. 

1. Load (preset) to BCD seven. 

2. Count up to eight, nine (maximum), zero, one, and two. 

3. Inhibit. 

4. Count down to one, zero (minimum), nine, eight, and seven. 



j ||. COUNT UP -{-INHIBIT-! 

LOAD 


25LS191 TYPICAL LOAD, COUNT AND INHIBIT SEQUENCES 


Illustrated below is the following sequence: 

1. Load (preset) to binary thirteen. 

2. Count up to fourteen, fifteen (maximum), zero, one, and two. 

3. Inhibit. 

4. Count down to one, zero (minimum), fifteen, fourteen, and thirteen. 


LOAD I T 



DOWN/UP 1 : ’ '■ f 


ENABLE~ 1 ' ■ T 


q a :;i 
qb ::: 

1 — 1 l — J L 


__r~L_r _ i_r~ 

J i. . r 



1 1 

°c :: t ~ 

■ 1 1 

J 





q d i i ii 

MAX/MIN 


r 










RIPPLE I 

CLOCK < 

"^14 15~^ 0 1 2 

2 

, 2 

” O -1 15 14 13 


I II- COUNT UP — 4lNHIBIT| |- COUNTDOWN 1 

LOAD 
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25LS190 


Synchronous BCD Decade Up/Down Counter 
25 LS 191 Synchronous 4-Bit Binary Up/Down Counter 


PARAMETER MEASUREMENT INFORMATION 


DATA ^ 

INPUT 

(SEE NOTEA) io%>^ 

^<10 NS 


^- <10 NS 

3V 

/ 90% 
1.3 V 


90% X 
1.3V 

V 10% 

- OV 

. „ „ „ tsetup- 



fsetup 

- 3V 

OV 

LOAD v 1 

INPUT \ 

1.3V ' 

io%y 

^90% 


1.3V X 90 % 
io%y^ : 

(SEE NOTE A) 

-j 

— <10 NS 

-v !-<ions 

VqH 

- V 0 L 

OUTPUT 




\ 


NOTE: 

A. The inputs pulses are supplied by generators having the following characteristics: Z Qut = 50S7, duty cycle < 50%, PRR < 1 MHz. 


FIGURE 1-DATA SETUP TIME VOLTAGE WAVEFORMS 


LOAD I I L_J L 



i 





ANY DATA INPUT 

\ : 

1 


J 

~1 

; ; 

! I 

CORRESPONDING [ 

i 1 


1 U : l 

Q OUTPUT 

i i 

tPLH 


tpHL 

tPLH —j 

i i 


NOTE : Conditions on other inputs are irrelevant. 


FIGURE 2-LOAD TO OUTPUT AND DATA TO OUTPUT 


LOAD u 


DOWN/UP 



~ l r 

i 


~ L 
1 


CLOCK 

L_ 

r 

i 


• 


ENABLE G 

i 

i 

( , 

i 

i 

i 

i 

i 

i 

i 


i 

i 

1 



*PHL | 

h -i ; 

tp LH tp H |_— { 

h«- 

H 

tPLH 

RIPPLE CLOCK 


i i 


L_ 

i 





tPLH -M | 

r- 

• 

tpHL 

MAX/MIN | j 

1 


NOTE: All data inputs are low. 

FIGURE 3-ENABLE TO RIPPLE CLOCK, CLOCK TO RIPPLE CLOCK, DOWN/UP TO MAX/MIN 
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Synchronous BCD Decade Up/Down Counter 
Synchronous 4-Bit Binary Up/Down Counter 


25LS190 


25LS191 


PARAMETER MEASUREMENT INFORMATION (Continued) 


LOAD U Lf 


DATA INPUTS' 
(SEE NOTES G TO I) 


DOWN/UP 


COUNT 

OUTPUT(S) 

UNDER TEST 

ENABLE = LOW 
NOTES: 

F. To test Q./\, Qg, and Q q outputs of 25LS190: Data inputs A, B, and C are shown by the solid line. Data input D is shown 
by the dashed line. 

G. To test Qq output of 25LS190: Data inputs A and D are shown by the solid line. Data inputs B and C are held at the low 
logic level. 

H. To test Qa, Qg, Qc, and Qq outputs of 54LS191 : All four data inputs are shown by the solid line. 

FIGURE 4-CLOCK TO OUTPUT 


U 


— •>! tp L H 


V 


tpHL 


LOAD U Li 

DATA A | 

DATA B,C, AND D I 

(SEE NOTE J) - ... J 

DOWN/UP I 


COUNT 

l_h 

— >! r- tpLH 

1J 

1— *PHL 

U~ 

— ! t PLH 

IT , — 

M AX/M IN 

I 

1 

i 

1 


ENABLE = LOW 


NOTE I: 

Data inputs B and C are shown by the dashed line for the 25LS190 and the solid line for the 25LS191 : Data input D is shown 
by the solid line for both devices. 


FIGURE 5-CLOCK TO MAX/MI N 


Eravtheon^ 
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25LS192 


Synchronous BCD Decade Up/Down Counter 
Synchronous 4-Bit Binary Up/Down Counter 


25LS193 


FEATURES 

■ Separate clock inputs for count-up, count-down 

■ Asynchronous parallel load and clear 

■ Cascadable 

■ Higher speed compared to 9LS/54LS and 9LS/74LS 

■ 8mA sink current over full military temperature 
range 

■ 50mV improved Vql compared to 9LS/74LS 

■ 440/iA source current 

■ 100% reliability assurance testing in compliance with 
MIL-STD-883. 

DESCRIPTION 

These monolithic circuits are synchronous reversible (up/ 
down) counters having a complexity of 55 equivalent gates. 
The 25LS192 is a BCD counter and the 25LS193 is a 
4-bit binary counter. Synchronous operation is provided 
by having all flip-flops clocked simultaneously so that the 
outputs change coincidently with each other when so 
instructed by the steering logic. This mode of operation 
eliminates the output counting spikes which are normally 
associated with asynchronous (ripple-clock) counters. 

The outputs of the four master-slave flip-flops are triggered 
by a low-to-high-level transition of either count (clock) 
input. The direction of counting is determined by which 
count input is pulsed while the other count input is high. 

All four counters are fully programmable; that is, each 
output may be preset to either level by entering the desired 
data at the data inputs while the load input is low. The 
output will change to agree with the data inputs indepen- 
dently of the count pulses. This feature allows the counters 
to be used as modulo-N dividers by simply modifying the 
count length with the preset inputs. 

A clear input has been provided which forces all outputs to 
the low level when a high level is applied. The clear function 
is independent of the count and load inputs. The clear, 
count, and load inputs are buffered to lower the drive 
requirements. This reduces the number of clock drivers, 
etc., required for long words. 

These counters were designed to be cascaded without the 
need for external circuitry. Both borrow and carry outputs 
are available to cascade both the up- and down-counting 
functions. The borrow output produces a pulse equal in 
width to the count-down input when the counter under- 
flows. Similarly, the carry output produces a pulse equal 
in width to the count-down input when an overflow condi- 
tion exists. The counters can then be easily cascaded by 
feeding the borrow and carry outputs to the count-down 
and count-up inputs respectively of the succeeding counter. 
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25LS192 


Synchronous BCD Decade Up/Down Counter 
Synchronous 4-Bit Binary Up/Down Counter 25LS193 


Recommended Operating Conditions 



Military 

Commercial 

Unit 

Min 

Nom 

Max 

Min 

Nom 

Max 

Supply voltage, Vcc 

4.5 

5 

5.5 

4.75 

5 

5.25 

V 

High-level output current, Iqh 



-440 



-440 

mA 

Low-level output current, Iql 

4 


8 

4 


8 

mA 

Count frequency, f CO unt 

0 


25 

0 


25 

MHz 

Width of any input pulse, t w 

20 



20 



ns 

Data setup time, t^p (see Figure 1) 

20 



20 



ns 

Data hold time, thold 

0 



0 



ns 

Operating free-air temperature range, 

-55 


125 

0 


70 

°C 


Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted) 


Parameter 

Test Conditions* 

Military 

Commercial 

Unit 

Min 

Typ** 

Max 

Min 

Typ** 

Max 

V,H 


2 



2 



V 

V IL 




0.7 



0.8 

V 

V| 

V CC =MIN, 1 , =— 18 



-1.5 



-1.5 

V 

V OH 

V CC = MIN, V,h =2V, 

V, L =V IL max, I 0 h=-- 44 °MA 

2.5 

3.4 


2.7 

3.4 


V 

V 0L 

V CC =MIN, V, H =2V, 
V|L=V(Lmax 

loL =4nr >A 


0.25 

0.40 


0.25 

0.40 

V 

loi_~8mA 


0.30 

0.45 


0.30 

0.45 

l| 

V CC =MAX, V ( =7V 



0.1 



0.1 

mA 

IlH 

V CC = MAX, V|=2.7V 



20 



20 

HA 

IlL 

V C c=MAX, V,=0.4V 



-0.4 



-0.4 

mA 

•osf 

V C c = MAX 

-15 


-85 

-15 


-85 

mA 

•cc+t 

V CC =MAX 


19 

34 


19 

34 

mA 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

* * All typical values are at Vq C •- 5 V, = 25° C . 

1 Not more than one output should be shorted at a time. 
ttl C c ' s measured with all inputs grounded and all outputs open. 


Switching Characteristics, V cc = 5V Over Recommended Free-Air Temperature Range 


Parameters 

From 

(input) 

To 

(output) 

f25°C 

Unit 

Min | Typ | Max 

Test Conditions: C L = 15pF, R L = 2kft 

(See Fig. 1 & 2 on page 3-62 and 3-63 and Fig. A, page 2-174) 

frnax 



25 

35 


MHz 

tpLH 

Count-up 

Carry 


9 

18 

ns 

tPHL 


17 

24 

tPLH 

Count-down 

Borrow 


9 

18 

ns 

tPHL 


17 

24 

tPLH 

Either Count 

Q 


19 

30 

ns 

tPHL 


20 

32 

tPLH 

Load 

Q 


22 

33 

ns 

tPHL 


29 

40 

tPHL 

Clear 

Q 


23 

33 

ns 


3-59 










25LS192 


Synchronous BCD Decade Up/Down Counter 
Synchronous 4-Bit Binary Up/Down Counter 


25LS193 


LOGIC DIAGRAM 
25LS192 


DATA 
INPUT A 
DOWN 
COUNT 

UP 

COUNT 


DATA 
INPUT B 


DATA 
INPUT C 


DATA 
INPUT D 

CLEAR 


LOAD 
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25LS192 


Synchronous BCD Decade Up/Down Counter 


Synchronous 4-Bit Binary Up/Down Counter 25LS193 








25LS192 


Synchronous BCD Decade Up/Down Counter 
Synchronous 4-Bit Binary Up/Down Counter 


25LS193 


PARAMETER MEASUREMENT INFORMATION 


OUTPUTS 




CLEAR 


t r -*J U- — t f 

' I I I 



TEST CIRCUIT 


3V 

OV 



VOLTAGE WAVEFORMS 


NOTES: 

A. The pulse generators have the following characteristics: Z out = 50ft and for the data pulse generator PRR < 500KHz, duty cycle = 
50%; for the load pulse generator PRR is two times data PRR, duty cycle = 50%. 

B. C|_ includes probe and jig capacitance. 

C. Diodes are 1 N3064. 

D. t r and tf < 7 ns. 


FIGURE 1 — CLEAR, SETUP, AND LOAD TIMES 


Eaytheo^ 


3-62 







Synchronous BCD Decade Up/Down Counter 
Synchronous 4-Bit Binary Up/Down Counter 


25LS192 


25LS193 


PARAMETER MEASUREMENT INFORMATION (Continued) 


OUTPUTS 


carry sorrow 



TEST CIRCUIT 




3V 

OV 

v OH 

v OL 

v OH 

v OL 


NOTES: 

A. The pulse generator has the following characteristics: PRR < 1MHz, Z out = 50a, duty cycle = 50%. 

B. C|_ includes probe and jig capacitance. 

C. Diodes are 1N3064. 

D. Count-up and count-down pulse shown is for the 25LS193 binary counter. Count cycle for 25LS192 decade counter is 1 through 10. 

E. Waveforms for outputs Q/\, Qg, and Op are omitted to simplify the drawing. 

F. t r and tf < 7ns. 


FIGURE 2— PROPAGATION DELAY TIMES 


^RAYTHEON^ 
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25LS192 


Synchronous BCD Decade Up/Down Counter 
Synchronous 4-Bit Binary Up/Down Counter 


25LS193 


TYPICAL CLEAR, LOAD, AND COUNT SEQUENCES 
25LS192 


Illustrated below is the following sequence: 

1. Clear outputs to zero. 

2. Load (preset) to BCD seven. 

3. Count up to eight, nine, carry, zero, one, and two. 

4. Count down to one, zero, borrow, nine, eight, and seven. 


CLEAR 
LOAD 

A J 


_n 


b _r 

c 


_r 


OUTPUTS < 


COUNT 
UP 

COUNT - 
DOWN 

q a; 

q b Z ZL 
q cZZL 
q d Z ZL 

CARRY r 


BORROW 

SEQUENCE 


ILLUSTRATED 


l u l 


i_r 


i_iz_n_ruTX 




ui_n_rLTTj 


t_t 


CLEAR PRESET 




II 


-COUNT UP- 


Z\ IT u y » 7 | 

__J L COUNT DOWN — 


NOTES: 

A. Clear overrides load, data, and count inputs. 

B. When counting up, count-down input must be high; when counting 
down, count-up input must be high. 


[raytheon^ 
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Synchronous BCD Decade Counter 
Synchronous 4-Bit Binary Up/Down Counter 


25LS192 


25LS193 


TYPICAL CLEAR, LOAD, AND COUNT SEQUENCES 
25LS193 


Illustrated below is the following sequence: 


1. Clear outputs to zero. 

2. Load (preset) to binary thirteen. 

3. Count up to fourteen, fifteen, carry, zero, one, and two. 

4. Count down to one, zero, borrow, fifteen, fourteen, and 
thirteen. 



CLEAR 


LOAD 

1 i 

1 ' 

1 I 


A 

J ' ■ 

i ' 


B 

1 1 

| \ 

DATA< 


1 | 

i i 


C 

J 1 ' 

i i 



D 

J 1 ' 

' 1 


COUNT 

UP 

COUNT 

DOWN 


OUTPUTS <J 


q A_ H 

1 

q b z n 

Qc IZl 

q dIII 


CARRY 


BORROW 

SEQUENCE 

ILLUSTRATED 




CLEAR PRESET 





UTJTJirU 




NOTES: 

A. Clear overrides load, data, and count inputs. 

B. When counting up, count-down input must be high; when counting 
down, count-up input must be high. 
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25LS194A 

4-Bit Universal Shift Register 

25LS195A 

4-Bit Parallel- Access Shift Register 


FEATURES 

■ Higher speed compared to 9LS/54LS and 9LS/74LS 

■ 8mA sink current over full military temperature 
range 

■ 50m V improved Vql compared to 9LS/74LS 

■ 440juA source current 

■ 100% reliability assurance testing in compliance with 
MIL-STD-883. 


DESCRIPTION 

The 25LS194A and 25LS195A are 4-bit registers that ex- 
hibit fully synchronous operation in all operating modes. 
The 25LS195A can either parallel load all four register 
bits via the parallel inputs (A, B, C, D) or shift each of the 
four register bits right one place. The shifting or parallel 
loading is under control of the shift/load input (S/L). When 
the shift/load input is LOW, data is loaded from the paral- 
lel data inputs; when the shift/load input is HIGH, data is 
loaded from the register bits on the left. The first bit, Q A , 
is loaded via the J and K inputs in the shift mode. 


The 25LS194A operates in four modes under control of 
the two select inputs, Sq and S-] . The four modes are paral- 
lel load (data comes from the parallel inputs), shift right 
(data comes from the flip-flop to the left, with the Q A bit 
input from R), shift left (data comes from the flip-flop to 
the right, with the Qrj input from i_) f and hnw or do nothing 
(each flip-flop receives data from its own output). 


For both devices the outputs change state synchronously 
following a LOW-to-HIGH transition on the clock input, 
CP. Both devices have an active-LOW synchronous clear 
(CLR) which forces all outputs to the LOW state (Qq HIGH) 
independent of any other inputs. 

Because all the flip-flops are D-type they do not catch 0's or 
Vs, and the only requirements on any inputs is that they 
meet the short set-up and hold time intervals with respect 
to the clock LOW-to-HIGH transition. 
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4-Bit Universal Shift Register 
4-Bit Parallel- Access Shift Register 


25LS194A 


25LS195A 


25LS194A 
LOGIC DIAGRAM 


LOGIC DIAGRAM parallel inputs 



25LS194A 
FUNCTION TABLE 





INPUTS 







OUTPUTS 


CLEAR 

MODE 

SI SO 

CLOCK 

SERIAL 

PARALLEL 

°A 

q b 

Q C 

°D 

LEFT 

RIGHT 

A 

B 

C 

D 

L 

X 

X 

X 

X 

X 

X 

X 

X 

X 

L 

L 

L 

L 

H 

X 

X 

L 

X 

X 

X 

X 

X 

X 

o 

< 

a 

o 

00 

a 

o 

o 

a 

°D0 

H 

H 

H 

t 

X 

X 

a 

b 

c 

d 

a 

b 

c 

d 

H 

L 

H 

f 

X 

H 

X 

X 

X 

X 

H 

°An 

Q Bn 

Q Cn 

H 

L 

H 

t 

X 

L 

X 

X 

X 

X 

L 

°An 

Q Bn 

c 

O 

a 

H 

H 

L 

t 

H 

X 

X 

X 

X 

X 

°Bn 

Q Cn 

Q Dn 

H 

H 

H 

L 

t 

L 

X 

X 

X 

X 

X 

Q Bn 

Q Cn 

Q Dn 

L 

H 

L 

L 

X 

X 

X 

X 

X 

X 

X 

o 

< 

a 

°B0 

O 

O 

o 

q do 


H = high level (steady state) 

L = low level (steady state) 

X = irrelevant (any input, including transitions) 
t - transition from low to high level 

a, b, c, d = the level of steady-state input at inputs A, B, C, or D, respectively. 

Q A0' Q B0' q C 0' 2< “*D0 = the ,evel ^A' q B’ *^C' or Q D' respectively, before the indicated 
steady-state input conditions were established. 

Q An , Q Bn' ^Cn- Q Dn = the level of Q A' Q B' ^C' res P ect ‘vely, before the most-recent t 
transition of the clock. 


^RAYTHEON^ 
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25LS194A 


4-Bit Universal Shift Register 
4-Bit Parallel-Access Shift Register 


25LS195A 


25LS195A 

LOGIC DIAGRAM 


SERIAL 

INPUT PARALLEL INPUTS 



25LS195A 
FUNCTION TABLE 


INPUTS | 


01. 

ITDI ITP 

— 

CLEAR 

SHIFT/ 

LOAD 

CLOCK 

SERIAL 

PARALLEL 

q a 

q B 

Q C 

q d 

q d 

J 

1< 

A 

B 

C 

D 

L 

X 

X 

X 

X 

X 

X 

X 

X 

L 

L 

L 

L 

H 

H 

L 

t 

X 

X 

a 

b 

c 

d 

a 

b 

c 

d 

d 

H 

H 

L 

X 

X 

X 

X 

X 

X 

o 

< 

a 

°B0 

O 

o 

o 

o 

Q 

a 

o 

a 

a 

H 

H 

t 

L 

H 

X 

X 

X 

X 

q ao 

O 

> 

o 

°Bn 

Q Cn 

c 

O 

a 

H 

H 

t 

L 

L 

X 

X 

X 

X 

L 

Qah 

°Bn 

Q Cn 

c 

O 

a 

H 

H 

t 

H 

H 

X 

X 

X 

X 

H 

^An 

a B n 

Q Cn 

Q Cn 

H 

H 

t 

H 

L 

X 

X 

X 

X 

Q An 

c 

< 

a 

Q Bn 

Q Cn 

Q Cn 


H = high level (steady state) 

L = low level (steady state) 

X = irrelevant (any input, including transitions) 
t = transition from low to high level 

a, b, c, d = the level of steady-state input at A, B, C, or D, respectively. 

Q^q, QbO' ^CO' ^DO = tfle level ^A' ^B' ^C' or ^D' respectively, before the indicated 
steady-state input conditions were established. 

QAn' Q|3n' ^Cn " the ,evel ^A' ^B' or res P ectiv ely, before the most-recent 
transition of the clock. 


^RAYTHEON^ 
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4-Bit Universal Shift Register 
4-Bit Parallel-Access Shift Register 


25LS194A 


25LS195A 


Recommended Operating Conditions 



Military 

Commercial 

Unit 

Min 

Nom 

Max 

Min 

Nom 

Max 

Supply voltage, Vcc 

4.5 

5 

5.5 

4.75 

5 

5.25 

V 

High-level output current, Iqh 



-440 



-440 

HA 

Low-level output current, Iql 

4 


8 

4 


8 

mA 

Clock frequency, f C | 0 ck 

0 


35 

0 


35 

MHz 

Width of clock or clear pulse, t w 

20 



20 



ns 

Setup time, t setup 

Mode control 

30 



30 



ns 

Serial and parallel data 

16 



16 



ns 

Clear inactive-state 

18 



18 



ns 

Hold time at any input, t^old 

0 



0 



ns 

Operating free-air temperature, T A 

-55 


125 

0 


70 

°C 


Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted) 


Parameter 

Test Conditions* 

Military 

Commercial 

Unit 

Min 

Typ** 

Max 

Min 

Typ** 

Max 

V ih 


2 



2 



V 

v IL 




0.7 



0.8 

V 

V, 

V CC =MIN, l, = -18mA 



-1.5 



-1.5 

V 

< 

o 

X 

Vcc = MIN, V|h=2V, 

V| L =V|Lma x , Iqh ~ - -440juA 

2.5 

3.5 


2.7 

3.4 


V 

_i 

o 

> 

V CC =MIN, V| H =2V, 

V|L=V|L.max 

loi_ = 4mA 


0.25 

0.40 


0.25 

0.40 

V 

lQL = 8mA 


0.30 

0.45 


0.30 

0.45 

»l 

V C c=MAX, Vj=7V 



0.1 



0.1 

mA 

l|H 

V CC =MAX, V(=2.7V 



20 



20 

ma 

IlL 

V CC =MAX, V,=0.4V 



-0.4 



-0.36 

mA 

•os + 

V C c=MAX 

-15 


-85 

-15 


-85 

mA 

Icctt 

V C c=MAX 

25LS194A 


15 

23 


15 

23 

mA 

25LS195A 


14 

21 


14 

L2L 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

* * All typical values are at V cc = 5 V, Ta = 25° C. 
tNot more than one output should be shorted at a time. 

ttWith all outputs open, inputs A through D grounded, and 4.5V applied to SO, SI , clear, and the serial inputs, Iqq is tested with a momentary 
GND, then 4.5V, applied to clock. 

Switching Characteristics, V cc = 5VOver Recommended Free-Air Temperature Range 


Parameter 

From 

(Input) 

To 

(Output) 

25LS194A 

25LS195A 

Unit 

Mini Typ 

Max 

Min 

Typ 

Max 

Test Conditions: C L = 15pF, R L = 2.0kil (See Fig. 1 & 2 on page 3-71 and Fig. A on page 2-174) 

Vlh 

dock 

Q i 


13 

21 


13 

21 

ns 

Vhl 


12 

18 


12 

18 

ns 

tPHL 

Clear 

Q i 


17 

26 


17 

26 

ns 

*pw 

Pulse Width 

Clock 

17 



16 



ns 

Vw 

Clear 

17 



12 



ns 

*s 

Set up time 

. 

Mode Control 

25 



25 



ns 

% 

Data Input 

16 



15 



ns 

% 

' Clear recovery 

Clock 

20 



20 



ns 

*h 

Hold time 

Data 

0 



0 



ns 

t R 

Shift/Release Time 

(25LS195A only) 






10 

ns 

f MAX 

Maximum clock frequency 

35 

55 


35 

55 


MHz 
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25LS194A 


4-Bit Universal Shift Register 


25LS195A 


4-Bit Parallel- Access Shift Register 


25LS194A 

TYPICAL TIMING SEQUENCES 


clock 


mooe r s0 — j 
CONTROL < :: T 

INPUTS l S1 ~ J 
CLEAR )J 
SERIAL f R 
DATA 
INPUTS 


PARALLEL 

DATA 

INPUTS 


OUTPUTS 



I I K-SHIFT RIGHTS 
CLEAR LOAD 


CLEAR 


25LS195A 

TYPICAL TIMING SEQUENCES 


CLOCK 

CLEAR 

SERIAL ( t 
INPUTS \ K 
SHIFT/LOAD 


PARALLEL 

DATA 

INPUTS 


OUTPUTS < 


B 

C 

D 

qaZZz: 
q b in; 

°c in; 
qd m; 


JTT 

L 


JTT 


-SERIAL SHIFT- 


SERIAL SHIFT- 
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4-Bit Universal Shift Register 
4-Bit Parallel- Access Shift Register 


25LS194A 


25LS195A 


25 LSI 94 A 



NOTES: 


VOLTAGE WAVEFORMS 


3V 

OV 

3V 

OV 

3V 

OV 


V 0 H 

v OL 


A. The clock pulse generator has the following characteristics: Z out « 50 ft and PRR < 1 MHz, t r < 15ns 
and tf < 6 ns. When testing f max , var Y p RR- 

B. A clear pulse is applied prior to each test. 

C. V ref = 1 .3V. 

Proplagation delay times <tp[_n and tpm_) are measured at t n +-|. Proper shifting of data is verified 

at t n +4 with a functional test. 

t n = bit time before clocking transition. 

tn+1 = hit time after one clocking transition. 

t n -i-4 = bit time after four clocking transitions. 


FIGURE 1 


25LS195A 

LOAD FOR OUTPUT UNDER TEST 



A. The clock pulse generator has the following characteristics: Z out 50 ft and PRR < MHz, t r < 15 ns, and tf < 6 
ns. When testing f max » vary the clock PRR. 

B. Cl includes probe and jig capacitance. 

C. All diodes are 1N3064. 

D. A clear pulse is applied prior to each test. 

E. Propagation delay times (tpLH and tPHlJ are measured at t n+ -j. Proper shifting of data is verified at t n +4 with a 
functional test. 

F. J and K are tested the same as data A, B, C, and D inputs except that shift/load input remains high. 

G. t n = bit time before clocking transition. 
t n +i = bit time after one clocking transition. 
t n +4 - bit time after four clocking transitions. 

FIGURE 2 
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8-Line-To-1-Line Multiplexer 
With Three-State Outputs 


25LS251 


FEATURES 

■ Selects one of eight data sources 

■ Performs parallel-to-serial conversion 

■ Complementary 3-state outputs 

■ Higher speed compared to 9LS/54LS and 9LS/74LS 

■ 8mA sink current over full military temperature 
range 

■ 50mV improved Vql compared to 9LS/74LS 

■ 440;uA source current 

■ 100% reliability assurance testing in compliance with 
MIL-STD-883. 

DESCRIPTION 

This monolithic data selector/multiplexer contains full 
on-chip binary decoding to select one-of-eight data sources 
and features a strobe-controlled three-state output. The 
strobe must be at a low logic level to enable this device. 
The three-state outputs permit a number of outputs to be 
connected to a common bus. When the strobe input is high, 
both outputs are in a high-impedance state in which both 
the upper and lower transistors of each totem-pole output 
are off, and the output neither drives nor loads the bus 
significantly. When the strobe is low, the outputs are 
activated and operate as standard TTL totem-pole outputs. 

To minimize the possibility that two outputs will attempt 
to take a common bus to opposite logic levels, the output 
control circuitry is designed so that the average output 
disable time is shorter than the average output enable time. 


PIN-OUT DIAGRAM 


DATA INPUTS DATA SELECT 
Vcc 4 5 6 7 A B C 



04 Ob D6 0 7 A 


r- D3 C -* 

0? D! 00 Y W S 

I TT TT T 

mm ms ms mm 

3 2 1 0 Y W £ GND 

N V ' x — V — / o 

DATA INPUTS OUTPUTS 



Die Size: .056 x .057 



OUTPUT Y 
OUTPUT W 


FUNCTION TABLE 


INPUTS 

OUTPUTS 

SELECT 

STROBE 



C 

B 

A 

S 

' 

W 

X 

X 

X 

H 

Z 

Z 

L 

L 

L 

L 

DO 

DO 

L 

L 

H 

L 

D1 

dT 

L 

H 

L 

L 

D2 

D2 

L 

H 

H 

L 

D3 

D3 

H 

L 

L 

L 

D4 

D4 

H 

L 

H 

L 

D5 

D5 

H 

H 

L 

L 

D6 

D6 

H 

H 

H 

L 

D7 

D7 


H = high logic level, L = low logic level 
X = irrelevant, Z = high impedance (off) 

DO, D1 . . . D7 = the level of the respective D input 
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25LS251 


8-Line-To-1-Line Multiplexer 
With Three-State Outputs 


Recommended Operating Conditions 



9LS/54LS 

9LS/74LS 

Unit 

Min 

Nom 

Max 

Min 

Nom 

Max 

Supply voltage, Vcc 

4.5 

5 

5.5 

4.75 

5 

5.25 

V 

High-level output current, Iqh 



-1 



-2.6 

mA 

Low-level output current, Iql 

4 


8 

4 


8 

mA 

Operating free-air temperature, T/\ 

-55 


125 

0 


70 

°C 


Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted) 


Parameter 

Test Conditions* 

9LS/54LS 

9LS/74LS 

Unit 

Min 

Typ** 

Max 

Min 

Typ** 

Max 

V.H 


2 



2 



V 

V| L 




0.7 



0.8 

V 

V| 

V C c = M IN, l| = -18mA 



-1.5 



-1.5 

V 

I 

o 

> 

V CC =MIN, V(h=2V, 

v il =max, i 0 h = max 

2.4 

3.4 


2.4 

3.2 


V 

VOL 

V CC = M IN, V, H =2V, 

V| L =MAX, 

IOL = 4mA 


0.25 

0.40 


0.25 

0.40 

V 

IOL = 8mA 


0.30 

0.45 


0.30 

0.45 

*0 (off) 

V CC =MAX, 

V| H ~2V 

V 0 =2.7V 



20 



20 

A A 

V o =0.4V 



-20 



-20 

l| 

V CC =MAX, V|=7V 



0.1 



0.1 

mA 

IlH 

V CC =M AX, V,=2.7V 



20 



20 

AtA 

1 1 L 

V CC =MAX, V,=0.4V 



-0.4 



-0.4 

mA 

■os 1- 

V CC =MAX 

-15 


-85 

-15 


-85 

mA 

Icctt 

V CC =MAX 

Condition A 


6.1 

10 


6.1 

10 

mA 

Condition B 


7.1 

12 


7.1 

12 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

**AII typical values are at Vqc ~ 5V, = 25°C. 

tNot more than one output should be shorted at a time. 

1 1 1 qc is measured with the outputs open and all data and select inputs at 4.5V under the following conditions: 

A. Strobe grounded. 

B. Strobe at 4.5V 


Switching Characteristics, V cc = 5V Over Recommended Free-Air Temperature Range 


Parameter 

From 

(Input) 

To 

(Output) 



+25° C 

1 Init 

' " 

Min 1 Tvn 1 Mav 

i i 

Test Conditions: C L = 15pF, R L = 2k ft (See Fig. A, page 2-174) 

tpLH 

A, B, or C 

(4 levels) 

Y 


29 

44 

ns 

tpHL 


20 

30 

t PLH 

A, B, or C 

(3 levels) 

W 


16 

24 

ns 

Vhl 


21 

32 

tpLH 

Any D 

Y 


14 

24 

ns 

t PHL 


11 

17 

tpLH 

Any D 

W 


8 

12 

ns 

l PHL 


9 

14 

t ZH 

Strobe 

Y 


9 

12 

ns 

t ZL 


13 

19 


Strobe 

W 


4 

15 

ns 

t ZL 


13 

18 

Test Conditions: C L = 5pF, R L = 2kO (See Fig. C, page 2-174) 

t HZ 

Strobe 

Y 


9 

27 

ns 

*LZ 


10 

18 

^HZ 

Strobe 

W 


17 

29 

ns 

^LZ 


10 

18 
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Dual 4-Line to 1-Line Data 
Selectors/Multiplexers 


25LS253 


DISTINCTIVE CHARACTERISTICS 

■ Permits multiplexing from N lines to 1 line 

■ Performs parallel-to-serial conversion 

■ Provides three-state outputs for data bus organization 
data bus organization 

■ 100% reliability assurance testing in compliance with 
MIL-STD-883 

DESCRIPTION 

This duai four-input multiplexer provides the digital equiva- 
lent of a two-pole, four position switch with the posi- 


tion of both switches set by the logic levels supplied to 
the select inputs A and B. Each section of the 25LS153 
has a separate active-LOW enable (strobe) input that 
forces the output of that section LOW when a HIGH level 
is applied regardless of the other inputs. 

The 25LS253 features a three-state output to interface 
with bus organized systems. Each section of the 25LS253 
has a separate active-LOW output control that disables the 
output driver (high-impedance state) of that section when 
a HIGH logic level is applied regardless of the other inputs. 









25LS253 


Dual 4-Line to 1-Line Data 
Selectors/Multiplexers 


Recommended Operating Conditions 



Military 

Commercial 

Units 

Min. 

Norn. 

Max. 

Min. 

Nom. 

Max. 

Supply Voltage, Vqc 

4.5 

5 

5.5 

4.75 

5 

5.25 

V 

High-level Output Current, Iqh 



1.0 



1.0 

mA 

Low-level output current, Iql 

4 


8 

4 


8 

mA 

Operating free-air temperature, T /\ 

-55 


125 

0 


70 

°C 


Electrical Characteristics Over Operating Temperature Range (Unless Otherwise Noted) 


Parameters 

Test Conditions (Note 1) 

Military 

Commercial 

Units 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

V IH 

Guaranteed input logical HIGH 

voltage for all inputs 

2 



2 



V 

V IL 

Guaranteed input logical LOW 

voltage for all inputs 



0.7 



0.8 

V 

V l 

V CC = MIN ' 'lN = -1 8mA 



-1.5 



-1.5 

V 

V OH 

v cc = min., 

V| N = V,H or V| L 

1 q |_| — 1 .0mA 

2.4 

3.4 





V 

IqI_I — —2.6mA 




2.4 

3.2 


_i 

O 

> 

V CC = MIN ' V IH = 2 0V 
V| L = V, L MAX 

1 q |_ = 4mA 


0.25 

0.4 


0.25 

0.4 

V 

Iql = 8mA 


0.30 

0.45 


0.30 

0.45 

I |l (3) 

V CC = MAX - V IN = 04V 



-0.36 



-0.36 

mA 

1 1 H (3) 

V cc = MAX., V, N = 2.7V 



20 



20 

m a 

'l 

V CC = max., V| N = 7.0V 



0.1 



0.1 

mA 

'o 

v cc = MAX< 

V 0 = 2.4V 



20 



20 

juA 

V 0 = 0.4V 



-20 



-20 

'sc 

v cc = MAX. 

-15 


-85 

-15 


-85 

mA 

'cc 

V CC = MAX (Note 5) 


7 

12 


7 

12 

mA 


Switching Characteristics V cc = 5V, T A = 125°C 


Parameters 

From 

(Input) 

To 

(Output) 

+25° C 

Units 

Min 

Typ 

Max 

Test Conditions: C L = 15pF, R L = 2kO (See Fig. A, page 2-174) 

t PLH 

Cj 

Yj 


10 

15 

ns 

Vhl 


7 

12. 

^LH 

Select 

(A or B) 

Y i 


20 

30 

ns 

Vhl 


15 

23 

t ZH 

G i 

Y i 


11 

23 

ns 

l ZL 


15 

23 

Test Conditions: C L = 5pF, R L = 2k H (See Fig. C, page 2-174) 

X HZ 




12 

18 

ns 

X LZ 


12 

18 
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Dual 4-Line to 1-Line Data 
Selectors/Multiplexers 


25LS253 


FUNCTION TABLE 


INPUTS 

OUTPUTS | 







LS253 

LS253 

Output 

Select 


Data 


Output 

Control 

B 

A 

C 0 Ct c 2 c 3 

G 

Y 

X 

X 

X 

X 

X 

X 

H 

Z 

L 

L 

L 

X 

X 

X 

L 

L 

L 

L 

H 

X 

X 

X 

L 

H 

L 

H 

X 

L 

X 

X 

L 

L 

L 

H 

X 

H 

X 

X 

L I 

H 

H 

L 

X 

X 

L 

X 

L 

L 

H 

L 

X 

X 

H 

X 

L 

H 

H 

H 

X 

X 

X 

L 

L 

L 

H 

H 

X 

X 

X 

H 

L 

H 


H = HIGH 
L = LOW 
X = Don't Care 
Z = High Impedance 


NOTE: A & B are common to both 4 input multiplexers. 


DEFINITION OF FUNCTIONAL TERMS: 

ICj, 2Cj Data Inputs. The four data inputs to each multi- 
plexer; i = 0, 1,2, and 3. 

1Y f 2Y Multiplexer Outputs. The output of each four- 
input multiplexer. 

A, B Select Inputs. The inputs used to determine which of 
the four data inputs are selected for the output. 

G Output Control. An active-LOW three-state 
control used to enable the output. A HIGH level input 
forces the output to the high-impedance (off) state. 
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25LS253 


Dual 4-Line to 1-Line Data 
Selectors/Multiplexers 










Quadruple 2-Line-To-1-Line 
Multiplexers With Three-State Outputs 


25LS257 25LS258 


FEATURES 

■ Higher speed compared to 9LS/54LS and 9LS/74LS 

■ 8mA sink current over full military temperature 
range 

■ 50mV improved Vql compared to 9LS/74LS 

■ 440juA source current 

■ 100% reliability assurance testing in compliance with 
Ml L -STD-883. 

DESCRIPTION 

These data selectors/multiplexers select a 4-bit word from 
one of two sources and present it at the four outputs. 
The 25LS257 presents true data; the 25LS258 presents 
inverted data. With Output Control HIGH, the outputs are 
forced to a high impedance state. 


FUNCTION TABLE 


INPUTS 

OUTPUT V 

OUTPUT 

CONTROL 

SELECT 

A 

B 

LS257 

LS258 

H 

X 

X 

X 

Z 

Z 

L 

L 

L 

x 

L 

H 

L 

L 

H 

X 


L 

L 

H 

X 

L 

L 

H 

L 

H 

X 

H 

!L_J 

L 


H high level. L low level. X irrelevant, Z high impedance (off) 

Low level at S selects A inputs. 

High level at S selects B inputs. 


PIN-OUT DIAGRAMS 


25LS257 


25LS258 


= £ INPUTS INPUTS 

^aOUTPUT^OUTPUT 
V C C °S 4A 4B 4Y 3A 3B 3Y 



IQDHJ00 

SELECT 1A IB 1Y 2A 2B 2Y GAID 
v_ 0UTPUf v I OUTPUT 
INPUTS INPUTS 


= | INPUTS INPUTS 

1 5 ^__a_5UTPUT 7V _0UTPUT 
VCC°°4A 4B 4Y 3A 3B 3Y 

d §@@@0 po 



□ m m sin 00s 

SELECT 1A IB 1Y 2A 2B 2Y GND 
^~0UTPUf v I OUTPUT 
INPUTS INPUTS 


14 13 12 11 10 



2 3 4 5 6 


14 13 12 11 10 



2 3 4 5 6 


Die Size .047 x .066 


Die Size .047 x .066 


[RAYTHEON^ 
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25LS257 



Recommended Operating Conditions 


Supply voltage, Vcc 

High-level output current, Iqh 
L ow-level output current, Iql 
Operating free-air temperature, T/\ 


1-80 


LOGIC DIAGRAMS 


25LS258 




Military 

Commercial 

m 

Min 

Nom 

Max 

Min 

Nom 

Max 


4.5 

5 

5.5 

4.75 

5 

5.25 

■ 




-1 



-2.6 

BBl 


4 


8 

4 


8 

mA 


-55 


125 

0 


70 

Htefll 





Quadruple 2-Line-To-1-Line 
Multiplexers With Three-State Outputs 


25LS257 25LS258 


Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted) 


Parameter 

Test Conditions* 

Military 

Commercial 

Unit 

Min 

Typ** 

Max 

Min 

Typ** 

Max 

V| H 

Guaranteed input logical high voltage for all inputs 

2 



2 



V 

V,L 

Guaranteed input logical low voltage for all inputs 



0.7 



0.8 

V 

V, 

V CC =MIN, l| = -18mA 



-1.5 



-1.5 

V 

Vqh 

V CC =M IN, V|h=2V, 

v lL = V| L max, !oh = MAX 

1 o h ~ “^1 .OmA 

2.4 

3.4 





V 

Iqi_I = —2.6mA 




2.4 

3.1 


_i 

o 

> 

V C c=MIN, V| H =2V, 

V| L =V|L m ax 

IOL =4m A 


0.25 

0.40 


0.25 

0.40 

V 

lQL = 8mA 


0.30 

0.45 


0.30 

0.45 

•OZH 

V CC =MAX, V,h=2V 

V n =2.4V 



20 



20 

juA 

J OZL 

V C c=MAX, V, h =2V, 

V o =0.4V 



-20 



-20 

a*a 

l| 

S input 

V CC = MAX, V|=7V 



0.2 



0.2 

mA 

Any other 



0.1 



0.1 

1 1 H 

S input 

V CC =MAX, V|=2.7V 



40 



40 

HA 

Any other ; 



20 



20 

IlL 

S input 

V CC =MAX, V,=0.4V 



-0.8 



-0.8 

mA 

Any other 



-0.4 



-0.4 

*os+ 


v cc =max 

-15 


-85 

-15 

-15 

-85 

mA 

•cct+ 

All outputs 

high 

Vqq— M AX 

25LS257 


5.9 

10.0 


5.9 

10.0 

mA 

All outputs 

low 


8.2 

13.5 


9.2 

13.5 

All outputs 

off 


10 

15.3 


10 

15.3 

All outputs 

high 

25LS258 


4.1 

8.0 


4.1 

8.0 

All outputs 

low 


6.2 

11.0 


6.2 

11.0 

All outputs 

off 


7.0 

11.2 


7.0 

11.2 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

**AII typical values are at V^c = 5V, = 25° C. 

tNot more than one output should be shorted at a time. 

ttlQc ' s nrieasured with all outputs open and all possible inputs grounded while achieving the stated output conditions. 
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25LS258 25LS257 


Quadruple 2-Line-To-1-Line 
Multiplexers With Three-State Outputs 


Switching Characteristics, V cc = 5V,T A = 25°C 

i 1 — — Hr 6 - 1 


Parameter H 

From 

(input) 

To 

(output) 

+25°C 

Min | Typ | Max 

Unit 

Test Conditions: C L = 15pF, R L = 2kO (See Fig. A, page 2-174) j 

+ 1 
tpLH 

tpHL 

25LS257 

Data 

Any 


6 

12 

ns 


7 

12 

tPLH 

25LS258 

Data 

Any 


8 

12 

ns 

tpHL 


5 

12 

tpLH 

tpHL 

25LS257 

Select 

Any 


12 

18 

ns 


12 

18 

tpLH 

tpHL 

25LS258 

Select 

Any 


12 

18 

ns 


10 

18 

tZH 

25LS257 

Output 

Control 

Any 


10 

18 

ns 

tZL 


10 

16 

tZH 

25LS258 

Output 

Control 

Any 


10 

18 

ns 

tZL 


11 

18 

Test Conditions: C L = 15pF, R L = 2kH (See Fig. A, page 2-174) | 

t HZ 

25LS257 

Output 

Control 

Any 


10 

15 

ns 

tLZ 


10 

18 

tHZ 

25LS258 

Output 

Control 

— 

Any 


9 

15 

ns 

tLZ 


8 

15 
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8-Bit Universal Shift/Storage Register 


25LS299 


FEATURES 

■ Four operational modes 

■ Three-state outputs 

■ Common input/output pins 

■ Cascadable shifting 

■ Advanced Low-Power Schottky processing 

■ 100% reliability assurance testing in compliance with 
MIL-STD-883 

DESCRIPTION 

The 25LS299 is an 8-bit universal shift/storage register with 
3-state outputs. Four modes of operation are possible— 
Hold (store), shift left, shift right and load data. 

Parallel load inputs and register outputs are multiplexed to 
reduce the number of package pins. Separate continuous 
outputs are also provided for flip-flop Qoand Q7 . These 
devices can be cascaded to N-Bit words. 

The 25LS299 has a typical shift frequency of 50 MHz; and 
is packaged in the standard 20-pin DIP package. 

A separate active-LOW asynchronous clear input forces all 
flip-flops to the LOW state whenever this clear input is 
LOW. 


PIN-OUT DIAGRAM 


Vcc Si Sl Q7 DY7DY5DY3DY1 CP Sr 



Sq Gi G2 DY6DY4DY2DY0 Qq CLR GNO 


LOGIC DIAGRAM 


Si So 
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25LS299 


8-Bit Universal Shift/Storage Register 


Recommended Operating Conditions 



Military 

Commercial 

Unit 


KM i'il 


TIM 

TTM..1 

TTTS 

Supply Voltage, Vcc 

4.5 

5 

5.5 

4.75 

5 

5.25 

V 

High-Level Output Current, Iqh 


-0.44 

-1.0 


-0.44 

-2.6 

mA 

Low-Level Output Current, Iql 

4 


8 

4 


8 

mA 

Operating Free-Air Temperature, 

-55 


125 

0 


70 

~^c“ 


Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted) 


Parameter 

Test Conditions* 

Military 

Commercial 

Unit 

Min 

Typ** 

Max 

Min 

Typ** 

Max 

V IH 

Guaranteed input logical HIGH voltage for all inputs 

2 



2 



V 

V IL 

Guaranteed input logical LOW voltage for all inputs 



0.7 



0.8 

V 

V l 

V CC =MIN -' 1 1 N = -18mA 



-1.5 



-1.5 

V 

I 

O 

> 

v cc =MIN - 

V IN =V IH or V IL 

Q 0 ,Q 7 

IOH =_0 - 44mA 

2.5 



2.7 



V 

dy 0 ,dy 7 

loi-p-l-OmA 

2.4 






V 

Iq (_j = — 2.6m A 




2.4 



_] 

o 

> 

v cc =MIN - 

V IN =V IH or V IL 

Iql = 4.0mA 


0.25 

0.40 


0.25 

0.40 

V 

1 q — 8.0mA 


0.30 

0.45 


0.30 

0.45 

»l 

s 0' S 1 

V CC =MAX -' V IN = 5 5V 



0.2 



0.2 

mA 

All others 



0.1 



0.1 

«H 

s 0' S 1 

V CC =MAX -' V IN = 2 - 7V 



40 



40 

juA 

All others 



20 



20 

'lL 

s 0' S 1 

V CC =MAX ' V |N = °- 4v 



-0.8 



-0.8 

mA 

All others 



-0.4 



-0.4 

'o 

v cc = max. 

V Q = 0.4V 



-100 



-100 

m a 

V Q = 2.7V 



40 



40 

'os 

V CC = MAX -' See Note 3 

-30 


-85 

-30 


-85 

mA 

'cc 

V CC = MAX " See Note 4 


38 

57 


38 

57 

mA 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable 
device type. 

2. Typical limits are at V cc - 5.0 V, 25° C ambien T and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Ice — measured with clock input HIGH and output controls HIGH. 
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8-Bit Universal Shift/Storage Register 


25LS299 


Switching Characteristics, Vp C - 5V, T A = +25°C 


Parameter 

From 

(input) 

To 

(output) 

+25°C 

Unit 

Min | Typ | Max 

Test Conditions: C L = 15pF, R u = 2kH (See Fig. A, page 2-174) j 

tpLH 

Clock 

Qi 


19 


ns 

tpHL 


23 


tpLH 

Clock 

DY ( 


18 


ns 

tpHL 


21 


tpHL 

Clear 

DY 0 -DY 7 


25 


ns 

tPHL 

Clear 

Qq or Q 7 


27 


ns 

tZH 

o 

CO 

c/T 

DYj 


20 


ns 

tZL 


19 


tZH 

G-| , G 2 

DY) 


20 


ns 

tZL 


18 


t S 

S-) , Sq Set-up Prior 
to Clock 

20 



ns 

ts 

Sr, Sl Set-up Prior 
to Clock 

20 



ns 

tpw 

Pulse Width (Clock) 

25 



ns 

tn 

Hold Time 

3 



ns 

^max 




50 


MHz 

Test Conditions: C L = 5pF, R L = 2kft (See Fig. C, page 2-174) 

tLZ 

0 

w 

CO 

DYi 


22 


ns 

tHZ 


20 


tLZ 

Gi, G 2 

DY, 


20 


ns 

tHZ 


16 



TRUTH TABLE 



FUNCTION 

INPUTS 

OUTPUTS 

INPUTS/OUTPUTS 






















Sr 

Sl 

CLEAR 

CLOCK 

So 

Si 

G 1 g 2 

a 0 

Q? 

DYq 

DYt 

dy 2 

dy 3 

dy 4 

DYs 

dy 6 

dy 7 

Clear 

X 

X 

L 

X 

(Note 1 ) 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

Output 

X 

X 

X 

X 

X 

X 

H 

L 

NC 

NC 

Z 

z 

Z 

Z 

z 

Z 

Z 

Z 

X 

X 

X 

X 

X 

X 

L 

H 

NC 

NC 

Z 

z 

z 

Z 

z 

Z 

Z 

Z 

Control 



X 

X 

X 

X 

X 

X 

H 

H 

NC 

NC 

Z 

z 

z 

z 

z 

z 

Z 

z 


Hold 

X 

X 

H 

X 

L 

L 

L 

L 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

M 

Load (Note 2) 

X 

X 

H 

t 

H 

H 

L 

L 

A 

A 

A 

B 

C 

D 

E 

F 

G 

H 

O 

Shift Right 

L 

X 

H 

t 

H 

L 

L 

L 

L 

dy 6 

L 

DYq 

DYi 

dy 2 

dy 3 

dy 4 

dy 5 

dy 6 

D 

Shift Right 

H 

X 

H 

t 

H 

L 

L 

L 

H 

dy 6 

H 

DYq 

DYi 

dy 2 

dy 3 

dy 4 

dy 5 

dy 6 

E 

Shift Left 

X 

L 

H 

t 

L 

H 

L 

L 

DYi 

L 

DYi 

dy 2 

DY 3 

dy 4 

dy 5 

dy 6 

dy 7 

L 


Shift Left 

X 

R 

H 

t 

L 

H 

L 

L 

DYi 

H 

DYi 

dy 2 

dy 3 

dy 4 

dy 5 

dy 6 

dy 7 

H 


L = LOW Z = High Impedence t = Transition LOW-to-HIGH 

H = HIGH X = Don't Care NC = No Change 


Notes: 1 . Either LOW to observe outputs. 
2. In this mode DYj are inputs. 
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25LS670 


4-By-4 Register Files with 3-State Outputs 


FEATURES 

■ Separate Read/Write Addressing Permits Simultaneous 
Reading and Writing 

■ Fast Access Times . . . Typically 20 ns 

■ Organized as 4 Words of 4 Bits 

■ Expandable to 512 Words of n-Bits 

■ For Use as: 

Scratch-Pad Memory 

Buffer Storage Between Processors 

Bit Storage in Fast Multiplication Designs 

■ 3-State Outputs 

■ The 25LS170 is Similar But Has Open-Collector Outputs 


DESCRIPTION 

The 25LS670 MSI 16-bit TTL register file incorporates 
the equivalent of 98 gates. The register file is organized as 
4 words of 4 bits each and separate on-chip decoding is 
provided for addressing the four word locations to either 
write-in or retrieve data. This permits simultaneous writing 
into one location and reading from another word location. 

Four data inputs are available which are used to supply the 
4-bit word to be stored. Location of the word is determined 
by the write-address inputs A and B in conjunction with a 
write-enable signal. Data applied at the inputs should be in 
its true form. That is, if a high-level signal is desired from 
the output, a high-level is applied at the data input for that 
particular bit location. The latch inputs are arranged so that 
new data will be accepted only if both internal address gates 
inputs are high. When this condition exists, data at the D 
input is transferred to the latch output. When the write- 
enahip input, Qyy, is high, the data inputs are inhibited 
and their levels can cause no change in the information 
stored in the internal latches. When the read-enable input, 
Gr, is high, the data outputs are inhibited and go into the 
high-impedance state. 


WRITE SELECT ENABLE OUTPUTS 
V CC D/ D1 A ST W B WRITE READ Ql Q2 

0 op pj*] op ijp pjp op 0 


Dl 

W A 

W B 

G w 

g r 

Q1 

D2 





02 

D3 

D4 

Rb 

Ra 

Q4 

Q3 


□ 0 5 i b i i m 

D2 D3 D4 R b R a Q4 Q3 GND 

DATA READ SELECT OUTPUTS 
Positive Logic: See Description 


The individual address lines permit direct acquisition of 
data stored in any four of the latches. Four individual de- 
coding gates are used to complete the address for reading a 
word. When the read address is made in conjunction with 
the read-enable signal, the word appears at the four outputs. 

This arrangement— data-entry addressing separate from data- 
read addressing and individual sense line— eliminates re- 
covery times, permits simultaneous reading and writing, and 
is limited in speed only by the write time (27 nanoseconds 
typical) and the read time (24 nanoseconds typical). The 
register file has a nondestructive readout in that data is not 
lost when addressed. 


All inputs except read enable and write enable are buffered 
to lower the drive requirements to one Series 25 LS standard 
load, and input-clamping diodes minimize switching tran- 
sients to simplify system design. High-speed double-ended 
AND-OR-iNVERT gates are employed for the read-address 
function and have high-sink-current three-state outputs. Up 
to 120 of these outputs may be wire-AND connected for 
increasing the capacity up to 512 words. Any number of 
these registers may be paralleled to provide n-bit word length. 


LOGIC 

READ FUNCTION TABLE (SEE NOTES A AND D) 


READ INPUTS 

OUTPUTS 

Rb 

Ra 

g r 

Q1 

Q2 

Q3 

Q4 

L 

L 

L 

W0B1 

W0B2 

W0B3 

W0B4 

L 

H 

L 

W1B1 

W1B2 

W 1 B3 

W1B4 

H 

L 

L 

W2B1 

W2B2 

W2B3 

W2B4 

H 

H 

L 

W3B1 

W3B2 

W3B3 

W3B4 

X 

X 

H 

Z 

Z 

Z 

Z 


WRITE FUNCTION TABLE (SEE NOTES A, B, AND C) 


WRITE INPUTS 

WORD | 

w B 

W A 

G W 

0 

i 

2 

3 

L 

L 

L 

Q = D 

Q o 

Qo 

Q 0 

L 

H 

L 

Qo 

Q = D 

Qo 

Q o 

H 

L 

L 

Qo 

Q o 

Q = D 

Qo 

H 

H 

L 

Qo 

Qo 

Qo 

Q = D 

X 

X 

H 

Qo 

Qq 

Qo 

Qo 


NOTES: A. H = high level, L = low level, X = irrelevant, Z = high impedance (off) 

B. (Q = D) = The four selected internal flip-flop outputs will assume the states applied to the four external data inputs. 

C. Qq = the level of Q before the indicated input conditions were established. 

D. W0B1 = The first bit of word 0, etc. 
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25LS670 


4-By-4 Register Files with 3-State Outputs 


Recommended Operating Conditions 



Military 

Commercial 

Unit 

Min. 

Nom. 

Max. 

Min. 

Nom. 

Max. 

Supply voltage, Vqq 

4.5 

5 

5.5 

4.75 

5 

5.25 

V 

High-level output current, Iqh 



-1 



-2.6 

mA 

Low-level output current, Iol 

4 


8 

4 


8 

mA 

Width of write-enable or read-enable pulse, t w 

25 



25 



ns 

Setup times, high- or low-level data 

(see Figure 2) 

Data input with respect to 

write enable, t setup ( D ) 

10 



10 



ns 

Write select with respect to 

write enable, t se t U p(y\/) 

15 



15 



ns 

Hold times, high- or low-level data 

(see Note 2 and Figure 2) 

Data input with respect to 

write enable, th 0 ld(D) 

15 



15 



ns 

Write select with respect to 

write enable, th Q ld(W) 

5 



5 



ns 

Latch time for new data, t| a1;c h (see Note 3) 

25 



25 



ns 

Operating free-air temparature range, T/\ 

-55 


125 

0 


70 

°C 


NOTES 1 . Voltage values are with respect to network ground terminal. 

2. Write-select setup time will protect the data written into the previous address. If protection of data in the previous address is 
not required, t setU p(w) can be ignored as any address selection sustained for the final 30 ns of the write-enable pulse and 
during thold(W) will result in data being written into that location. Depending on the duration of the input conditions, one or 
a number of previous addresses.may have been written into. 

3. Latch time is the time allowed for the internal output of the latch to assume the state of new data. See Figure 2. This is im- 
portant only when attempting to read from a location immediately after that location has received new data. 
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4-By-4 Register Files with 3-State Outputs 


25LS670 


Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless otherwise Noted) 


Parameter 

t 

Military 

Commercial 

Unit 





Min. 

Typ* 

Max. 

Min. 

Typ* 

Max. 

V|H 

High-level input voltage 


2 



2 



V 

V|L 

Low-level input voltage 




0.7 


— 

0.8 

V 

V| 

Input clamp voltage 

V CC = MIN, 

1 1 = -18mA 




-1.5 



-1.5 

V 

v OH 

High-level output voltage 

Vcc = MIN, 

> 

cm 

n 

X 

> 

Iqh = -1mA 

2.4 

3.4 






V| l - V| |_max 


lOH = -2.6mA 




2.4 

3.1 



v OL 

Low-level output voltage 

< 

o 

o 

li 

z 

> 

CN 

II 

X 

> 

lOL = 4mA 


0.25 

0.4 


0.25 

0.4 

V 

V|L= V| L max 


lOL = 8mA 


0.35 

0.45 


0.35 

0.45 

! OZH 

Off-state output current, 

high-level voltage applied 

V C c = MAX, 

> 

CM 

X 

> 

V 0 = 2.7V 



20 



20 

HA 

'OZL 

Off-state output current, 

low-level voltage applied 

V C c = MAX, 

V| H = 2V, 

V 0 = 0.4V 



-20 



-20 

mA 

Input current at 

'1 . 

maximum input voltage 

V C c = MAX, 

V, = 7V 

Any, D, R, or W 



0.1 



0.1 


G W 



0.2 



0.2 

mA 

g R 



0.3 



0.3 




v cc = max, 

V| = 2.7V 

Any D, R, or 

W 



20 



20 


«IH 

High-level input current 

G W 



40 



40 

HA 



Gr 



60 



60 





Any D, R, or W 



-0.4 



-0.4 


hL 

Low-level input current 

V C c = MAX 

G W 



-0.8 



-0.8 

mA 




Gr 



-1.2 



-1.2 


•os 

Short-circuit output current f 

Vcc = M AX 

-15 


-85 

-15 


-85 

mA 

'cc 

Supply current 

V CC = MAX, 

See Note 4 



30 

50 


30 

50 

mA 


^For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

*AII typical values are at Vqq = 5V, = 25°C. 

^Not more than one output should be shorted at a time. 

NOTE 4: Maximum Iqq is guaranteed for the following worst-case conditions: 4.5V is applied to all data inputs and both enable inputs, 

all address inputs are grounded and all outputs are open. 
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25LS670 


4-By-4 Register Files with 3-State Outputs 


Switching Characteristics, V cc = 5V, Over Recommended Free-Air Temperature Range. 


Parameter 

From 

To 

+25° C 

Unit 

(Input) 

(Output) 

Min. 

Typ. 

Max. 

Test Conditions: C t = 15pF, R L = 2.0kfl (See Fig. 1 & 2 on page 3-90 & 3-91 and Fig. A on page 2-174) 

tPLH 

Read 

Any Q 


23 

40 


t PHL 

Select 


25 

45 

ns 

VLH 

Write 

Any Q 


26 

45 

ns 

l PHL 

enable 


28 

50 

l PLH 

Data 

Any Q 


25 

45 

ns 

t PHL 


23 

40 

Test Conditions: C L = 5pF, R L = 2.0kO (See Fig. C, page 2-174) 

*ZH 




15 • 

35 

ns 

t ZL 

Read 

Any Q 


22 

40 

*HZ 

enable 


30 

50 


*LZ 




16 

35 




FIGURE 1 


NOTES: A. High-level input puises at .the select and data inputs are illustrated; however, times associated with low-level pulses are 
measured from the same reference points. 

B. When measuring delay times from a read select input, the read-enable input is low. 

C. Input waveforms are supplied by generators having the following characteristics: PRR < 2 MHz, Z out « 50 £2, duty cycle < 
50%, t r < 1 5 ns, t r < 6 ns. 
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4-By-4 Register Files with 3-State Outputs 


25LS670 




FIGURE 2 


NOTES: A, Each select address is tested. Prior to the start of each of the above tests both write and read address inputs are stabilized with 
Wa = F?a and Wb = Rg. During the test Gr is low. 

B. Input waveforms are supplied by generators having the following characteristics: PRR < 1 MHz, Z out » 50 ft, duty cycle < 
50%, t r < 1 5 ns, t r < 6 ns. 
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Packaging Information 

Plastic Packages 


14-PIN PLASTIC DIP 
DB/BD 


16-LEAD PLASTIC DIP 
BM/MB 




.760 


.740 

!V*1 :'S S S : S :'W1 

t 

.260 

.240 

1 

8 .031 DIA x .010 P; 

DEEP (PIN NO. 1 ( 

g IDENTIFICATION)^ 

T. 

.065 1 

.045 ' 1 



Metal Package 


14-LEAD METAL DIP 
D 


■718 

.688 ~ 1 


.025R 




^RAYTHEON^ 
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Packaging Information 


Ceramic Packages 



16-LEAD 

CERAMIC PACKAGE 
DM 



.on 

.009 


24-LEAD 

CERAMIC PACKAGE 
R/J 



.016 








Packaging Information Flat Packages 



Eravtheoi^ 
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Flat Packages 


Packaging Information 
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Packaging Information 


Beam Lead 
Mechanical Outline Drawings 


0.045 BSC 

l | 0.0025 
0.0075 TYP -4 J-L-TYP 


Jl u 

.... 0.010 TYPi 


0.005 TYPjjL 


NITRIDE LIP 
0 001 TYP 


■"riSoiWpr 1 0001 TYI 

obr 00075 | TYP 

0,053 ^SILICON 


1 16 BEAM CHIP 0.0005 1 

1. METALIZATION DOWN 

2. COUNTER CLOCKWISE BEAM ORDER 

MECHANICAL OUTLINE 9 


u. 0.055 BSC H 

0,0075 TYP#7 25l TV^l 00°4 PLACES 

— i p, a 2 ° pLAcEs 


0.0075 ri 
I TYP ^ 
0.065 & * — E-j 

0063 g 

o 0.0025 

9 TYP J Ul 




Ml 

:£h “i 0 C 

-0.01 

u 


NITRIDE LIP 
0.001 TYP 


J U LL=i4: 

TYP 1 ^ I T 0.001 TYP 
r— 0.0025 tYP 


20 BEAM CHIP 

EIA STANDARD 

1. METALIZATION DOWN 

2. COUNTER CLOCKWISE BEAM ORDER 

MECHANICAL OUTLINE 12 
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